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Pauropods (Myriapoda: Pauropoda) from 
Western Australia, with descriptions of a new 
family, a new genus and three new species 
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ABSTRACT - A collection of Pauropoda from Western Australia has been studied. Among seven 
identifiable specimens, four species in three genera have been identified. Three new species are 
described from the order Tetramerocerata, Stylopauropoides wungongensis sp. nov., S. saxicola sp. 
nov. and Antichtopauropus brevitarsus gen. nov., sp. nov., the latter also forming a new family in the 
order Tetramerocerata, Antichtopauropodidae. Decapauropus tenuis Remy is recorded from Western 
Australia for the first time. 


KEYWORDS: taxonomy, Tetramerocerata, Pauropodidae, Antichtopauropodidae, soil fauna, 
biogeography. 


INTRODUCTION 

Pauropods are small pale myriapods with distinctive 
bifurcate antennae. They principally occur in soil 
but due to their small size are rarely collected. The 
Australian fauna is relatively small and only the 
Tasmanian fauna, with 19 species, can be considered 
better known (Scheller 2009). Only a few species 
of Pauropoda have been reported from Australia 
though material has been studied by Harrison (1914), 
Chamberlin (1920), Tiegs (1943, 1947), Remy (1949, 
1957, 1959) and Postle et al. (1991). Only two of these 
papers dealt with material from Western Australia 
(Remy 1957; Postle et al. 1991). Remy (1957) described 
three species, Stylopauropoides bornemisszai, 
Decapauropus spicatus and D. notius, from Gnangara, 
c. 30 km north of Perth, and Postle et al. (1991) reported 
from near Dwellingup, c. 85 km south of Perth, the first 
two of Remy’s species and other species from these 
genera, but also from Allopauropus, Rabaudauropus, 
Hemipauropus, Scleropauropus, Polypauropoides 
and a new genus placed in Brachypauropodidae. The 
collection from Dwellingup is extensive with thousands 
of specimens but has not yet been described. 

Thanks to Dr Mark S. Harvey, curator of arachnids 
and myriapods at the Western Australian Museum, 
11 specimens from three different sites in Western 
Australia were available for the present study. 
Though small in number the collection with two new 
species in Stylopauropoides and one in a new genus, 
Antichtopauropus, indicates high diversity and local 
endemism. 

All specimens studied in this paper are lodged in the 
Western Australian Museum, Perth (WAM) and were 


studied in monopropylene glycol using a Zeiss light 
microscope. The descriptive terms are listed in Scheller 
(1988). The body length of the holotype and range of 
body lengths of adult paratypes are given in mm, adult 
paratypes in brackets. When relative lengths are used 
the reference value is stated in the text. 

SYSTEMATICS 

Family Pauropodidae Lubbock, 1867 
Genus Decapauropus Remy, 1931 

Decapauropus Remy, 1931: 67. 

TYPE SPECIES 

Decapauropus cuenoti Remy, 1931 by original 
designation. 

Decapauropus tenuis Remy, 1948 

MATERIAL EXAMINED 

Australia: Western Australia: 1 adult $ (9 leg 
pairs), Hope Downs Station, 35 km NW of Newman, 
32°07'22"S, 119°29'35"E, stygofauna sample, 11 
February 2008, P. Bolton, C. Weston (WAM T92109). 

DISTRIBUTION 

This species is widely and discontinuously distributed in 
the tropics and subtropics of the Americas, Africa, southern 
Asia and Australia, where it was taken from a sugar cane 
field at Gordonvale in Queensland (Remy 1959). 
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Genus Stylopauropoides Remy, 1956 

Stylopauropoides Remy, 1956: 213. 

TYPE SPECIES 

Stylopauropoides tiegsi (Remy, 1956) by subsequent 
designation. 

Stylopauropoides wungongensis sp. nov. 

Figures 1-10 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: adult S (9 leg pairs), 
Wungong Dam, 32°H'41"S, 115°03'33"E, under stone, 2 
June 2008, M.S. Harvey, F. Harvey, E. Harvey (WAM 
T89545). 

DIAGNOSIS 

The pygidium with the anal plate have characters 
indicating that S. wungongensis may be close to a 
group of species with supposed Gondwanic origin, S. 
bornemisszai Remy from Western Australia (Remy 
1957), S. tiegsi Remy from Victoria in eastern Australia 
(Remy 1949), S. lambda Remy from New Zealand 
(Remy 1956), S. ringueleti Remy from southern 
Argentina (Remy 1962) and two species from Tasmania, 
S. erectus Scheller and S. rounsevelli Scheller (Scheller 
2009). 

Stylopauropoides wungongensis is distinguished 
from them all by the large triangular lobe of the 
pygidial sternum. A lobe of similar shape but smaller 
is in the Tasmanian S. erectus but other distinguishing 
characters prevent confusion: the pistil of the temporal 
organs is in the posterior part in the new species, in 
the middle in S. erectus, the st are straight, clavate 
and glabrous, not curved, cylindrical and pubescent. 
Though some characters in Remy’s (1957) description 
of S. bornemisszai are lacking, it is evident that S. 
wungongensis is clearly delimitated from it: the setae 
of the tergal side of the head are subcylindrical in S. 
wungongensis, not distinctly clavate, the tergite V has 
6+4 setae, not 6+6, the st are clavate, not cylindrical, 
and the distal appendages of the anal plate are 
symmetrical with a central stalk, not unsymmetrical. 
Stylopauropoides tiegsi and S. lambda are similar but 
there are very good distinguishing characters in the 
shape of the pygidial setae and the anal plate. In the 
Argentinian species of the group, S. ringueleti, the 
bothriotrix T 3 and the antennal globulus g are quite 
different. 

DESCRIPTION 

Adult male (holotype) 

Length : 1.01 mm. 

Head (Figure 1): setae on tergal side of medium 
length, subcylindrical striate, only a 3 of 2 nd row tapering, 


lateral seta / 1 thin cylindrical. Their relative lengths, 
1 st row: a=a = 10; 2 nd row: a = 12, a =14, a =11, 3 rd row: 
<^=10, a= 12; 4 th row: <^=12, a =20, a= 21, a= 13; lateral 
group setae: ^=20, / 2 and l 3 not studied. Ratio a ] /a-a ] 
in 1 st row 0.8, 2 nd row 0.7, 3 rd and 4 th rows 0.9. Length of 
temporal organs 0.9 of shortest interdistance; a clavate 
vesicle in posterior part anterior of / and l 2 , its length 0.1 
of the length of temporal organ. Head cuticle glabrous. 

Antennae (Figure 2): segment 4 with at least 3 
cylindrical striate blunt setae. Their relative lengths: 
p= 100, p’=62, p”= 52. Tergal seta p LI times as long 
as tergal branch t. The latter subcylindrical, 1.1 times 
as long as greatest diameter and 0.8 of the length 
of sternal branch s, that branch 2.2 times as long as 
greatest diameter; posterodistal corner more truncate 
than anterodistal one. Seta q cylindrical striate blunt, 
0.8 of the length of 5. Relative lengths of flagella (base 
segments included) and base segments: 7^=100, 6^=10; 
F=15, bs= 11; F=92, bs 3 =ll. The F { 3.2 times as long as 
t, F 2 and F 3 2.0 and 2.4 times as long as s, respectively. 
Distal calyces hemispherical. Globulus g short-stalked, 
1.2 times as long as wide; ~8 bracts, capsule somewhat 
flattened; width of g 0.9 of the greatest diameter of t. 
Antennae glabrous. 

Trunk (Figures 3, 4): setae of collum segment (Figure 
3) subequal in length furcate; primary branch folioform 
with short oblique pubescence, secondary branch 
rudimentary cylindrical glabrous; sternite process 
digitiform without distinct anterior incision; appendages 
short, caps flat; process and appendages glabrous. 

Setae on anterior tergites thin cylindrical striate blunt, 
more posteriorly pointed; 4+4 setae on tergite I, 6+6 on 
II-IV, 6+4 V, 4+2 on VI. Submedian posterior setae on 
VI (Figure 4) 0.3 of interdistance and as long as pygidial 
setae a. 

Bothriotricha : relative lengths: Ij=100, T= 104, T= 95, 
T 4 =108, 7 5 =154. Axes thin simple straight, only proximal 
half of T 3 moderately thickened. Pubescence hairs very 
short on whole the T 5 , short too on proximal 1/5 of 7j, 
T 2 and T a but distal half there with much longer hairs, 
ramose distally and arranged in whorls; T 3 as these 
bothriotricha but pubescence longer, on distal half also 
sparse (Figure 5). 

Legs (Figures 6, 7): setae on coxa (Figure 6) and 
trochanter of leg 9 furcate, branches of subequal length, 
weakly clavate-subcylindrical, with minute pubescence. 
Corresponding setae on more anterior legs with 
rudimentary secondary branches. Tarsus of leg 9 (Figure 
7) 4.8 times as long as greatest diameter; proximal seta 
tapering pointed, with minute pubescence distally, distal 
seta subcylindrical blunt striate. Proximal seta 0.3 of the 
length of tarsus and twice longer than distal seta. Cuticle 
of tarsus glabrous. 

Genital papillae (Figure 8): widest near middle, 1.7 
times as long as greatest width, rounded distally, seta 0.4 
of the length of papilla. 

Pygidium (Figures 9, 10): glabrous. 

Tergum : posterior margin between st with low 
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FIGURES 1-10 Stylopauropoides wungongensis sp. nov., holotype, adult male: 1, head, median and right part, tergal 
view; 2, left antenna, tergal view; 3, collum segment, median and left part, sternal view; 4, tergite VI, 
posteriomedian part; 5, 7 3 ; 6, seta on coxa of 9 th pair of legs; 7, tarsus of 9 th pair of legs; 8, genital 
papillae and seta on coxa of leg 2, anterior view; 9, pygidium, posterior part, tergal view; 10, anal 
plate, lateral view. Scale a: Figures 5-8; b: Figures 1-4, 9, 10. 
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FIGURES 11-21 Stylopauropoides saxicola sp. nov., holotype, adult male: 11, head, median and right part, tergal view; 

12, right antenna, tergal view; 13, collum segment, median and left part, sternal view; 14, tergite VI, 
posteriomedian part. 15, T r 16, 7,; 17, seta on trochanter of 9 th pair of legs; 18, tarsus of 9 th pair of 
legs; 19, genital papillae and seta on coxa of leg 2, anterior view; 20, pygidium, posteriomedian and 
left part, sternal view; 21, anal plate, lateral view. Pubescence only partly drawn in Figure 15. Scale a: 
Figure 9; b: Figures 5, 8; c: Figures 1 -4, 6, 7, 10, 11. 
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rounded bulge. Relative lengths of setae: <^=10, a= 15, 
a =25, st= 3. a-setae thin tapering pointed glabrous, a i 
and a 3 curved inward, the former also converging, st 
short clavate converging. Distance a l -a l 3.0 times as 
long as a ; distance a -a 1.4 times as long as distance 
a 2 -a 3 ; distance st-st 7.2 times as long as st and 0.6 of 
distance a x -a v 

Sternum : posterior part above b x with large broad 
triangular lobe. Relative lengths of setae (pygidial 
<^=10): b= 28. Setae thin tapering, with short pubescence 
in distal 1/3, length 1.2 times as long interdistance. 

Anal plate (Figures 9, 10) almost upright, V-shaped, 
branches thickest in the middle with weak constriction 
below posterior end, each branch with a distal 
appendage in the shape of the head of a thread nail; plate 
and appendages with distinct pubescence. 

ETYMOLOGY 

The epithet of the species name is a latinization of the 
name of the collecting site. 

Stylopauropoides saxicola sp. nov. 

Figures 11-21 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : adult S (9 leg pairs), 
Mundaring Shire, Voyager Quarry, c. 5 km NE of The 
Lakes, 31°52'05"S, 116°21T6"E, wandoo litter, 16 July 
2002, J.M. Waldock (WAM T95623). 

Paratypes 

Australia: Western Australia: 1 adult $, 1 adult $, 
same data as holotype (WAM T99060, T99061). 

DIAGNOSIS 

Among the previously described species of 
Stylopauropoides, S. saxicola sp. nov. is closest to S. 
eximius Scheller, 2009 from Tasmania (Scheller, 2009). 
These two species have great similarities in the shape 
of the bothriotricha, the anal plate and the tergites and 
their setae. Good distinguishing characters are a small 
linguiform lobe on the posterior part of the pygidial 
tergum and U-shaped posterior incision in the anal plate 
in the Tasmanian species, lobe absent and V-shaped 
incision in S. saxicola. Moreover, the appendages of 
the anal plate are clavate in the Tasmanian species, not 
cylindrical. Two more species may belong to the same 
group, S. vadoni Remy, 1956 from Madagascar and S. 
delamarei (Remy, 1948) from the Ivory Coast (Remy 
1948), but they seem to be more distant relatives. 

DESCRIPTION 

Adult male holotype (and paratypes) 

Length : 0.92(-0.98) mm. 

Head (Figure 11): setae on tergal side of medium 


length striate, only a 3 of 2 nd row subcylindrical. Their 
relative lengths, 1 st row: <^=10, a 2 =10(-ll); 2 nd row: 
a=9(-12), a 2 =18(-19), «3=14(—16), 3 rd row: a=8(-10), 
a 2 =(9-)10; 4 th row: a=10(-12), a= 24, a= 23(-25), 
a 4 =12(-13); lateral group setae: / =20, / tapering 
pointed, l 2 and l 3 not studied. Ratio a/a-a ] in 1 st row 
(1.3—)1.4, 2 nd row 0.6, 3 rd row 1.1(-1.2), 4 th row 1.2(-1.3). 
Length of temporal organs (1.0—)1.2 times as long as 
shortest interdistance; anterior of /and l a two-parted 
structure in a vesicle, its length 0.1 of the length of 
temporal organ. Head cuticle glabrous. 

Antennae (Figure 12): segment 4 with four cylindrical 
blunt striate setae, r very thin, their relative lengths: 
p= 100, p’=( 82-)92, p”=( 43—)56, r=(23-)29. Tergal seta 
p (as long as-) 1.1 times as long as tergal branch t. The 
latter subcylindrical, 6.3(-6.5) times as long as greatest 
diameter and (0.8—)1.0(—1.1) of the length of sternal 
branch s, that branch (2.4-)2.7 times as long as greatest 
diameter; anterodistal corner somewhat more truncate 
than posterodistal one. Seta q cylindrical striate blunt, 
0.9 of the length of 5. Relative lengths of flagella (base 
segments included) and base segments: 7^=100, £^=(8-) 
9; F 2 =(69-)71(-77), bs=( 9—)11; F=( 75-)80, bs= 7. The 
F l (2.7-)2.8 times as long as t, F 2 and F 3 (1.9—)2.1 and 
2.3(-2.6) times as long as s respectively. Distal calyces 
hemispherical. Globulus g 1.6 times as long as wide; ~10 
bracts, capsule spherical; width of g as long as greatest 
diameter of t. Antennae glabrous. 

Trunk (Figures 13, 14): setae of collum segment 
(Figure 13) subequal in length, furcate; primary branch 
folioform, almost glabrous, secondary branch inserted 
in the middle, rudimentary cylindrical glabrous; sternite 
process roundly triangular, blunt anteriorly; appendages 
short, caps flat; process and appendages glabrous. 

Setae on anterior tergites thin cylindrical blunt striate, 
more posteriorly with oblique pubescence, pointed; 4+4 
setae on tergite I, 6+6 on II-IV, 4+4 on V, 4+2 on VI. 
Submedian posterior setae on VI (Figure 14) as long 
as interdistance and 1.2(—1.3) times as long as pygidial 
setae a v 

Bothriotricha (Figures 15, 16): relative lengths: 
7=100, T=67, r 3 =(80-)110, T=172, 7 5 =(189-)225. 
Axes thin simple straight, those in T 3 (Figure 15) and 
T 5 moderately thickened. The T 3 -T 5 with short oblique 
pubescence, hairs short too on proximal 2/5 of T { (Figure 
16) and T 2 but distal half of these bothriotricha sparsely 
set with long thin erect hairs, in distal part branched. 

Legs (Figures 17, 18): setae on coxa and trochanter 
(Figure 17) of leg 9 furcate, branches of similar 
length, main branch narrowly folioform with short 
pubescence, secondary branch cylindrical blunt 
striate. Corresponding setae on more anterior legs 
with rudimentary secondary branches. Tarsus of leg 9 
(Figure 18) (4.4-)4.6 times as long as greatest diameter. 
Proximal seta tapering pointed and with long oblique 
pubescence, distal seta subcylindrical blunt annulate. 
Proximal seta 0.4(-0.5) of the length of tarsus and 2.4 
(-3.1) times as long as distal seta. Cuticle of tarsus with 
very sparse but distinct pubescence on tergal side. 
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FIGURES 22-27 Antichtopauropus brevitarsus gen. nov., sp. nov., holotype, adult male: 22, body with tergites I—VI; 23, 
head and proximal part of antenna, right half, tergal view; 24, left antenna, sternal view; 25, collum 
segment, median and left part, sternal view; 26, tergite II, right half; 27, tergite VI, right posterior part, 
and pygidium. Fungiform protuberances not drawn in Figure 22, only partly drawn in Figures 25 and 
27. Scale a: Figures 26, 27; b: Figures 23-25. 


Genital papillae (Figure 19): proximal half cylindrical, 
distal half conical, evenly rounded, 3.3 times as long as 
greatest width, seta thin, 0.4 of the length of papilla. 

Pygidium (Figures 20, 21): glabrous. 

Tergum: Posterior margin between st with low 
rounded bulge. Relative lengths of setae: a=a= 10, 
a 3 =10(-12), st= 4. Setae tapering pointed, with strong 
oblique pubescence; a v straight, the others curved 
inward, a 3 somewhat diverging. Distance a-a l 0.6 of 
the length of a ; distance a l -a 2 about twice longer than 
distance a 2 -a 3 ; distance st-st twice longer than st and 
(1.3—)1.4 times as long as distance a x -a v 


Sternum. Posterior margin with distinct 
indentation between b v Relative lengths of setae 
(pygidial <^=10): ^=13, these setae thin tapering, with 
pubescence similar to that on setae of tergum; length of 
1.1 times as long as interdistance. 

Anal plate (Figures 20, 21) directed obliquely upward, 
twice longer than broad, consisting of two somewhat 
diverging blunt branches separated by a deep roundly 
V-shaped incision, length of branches 2/3 of the length 
of plate; a thin cylindrical appendage protruding 
backwards from sternal side of each branch, appendages 
0.5 of the length of branch, converging; plate with very 
short pubescence, appendages weakly striate. 
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ETYMOLOGY 

From the Latin saxum = stone, and colere = live 
(referring to the collecting site). 

Family Antichtopauropodidae fam. nov. 

DIAGNOSIS 

A family in Pauropoda Tetramerocerata with all 
tergites entire and sclerotized, without true setae but 
with protuberances inserted irregularly, tergites I and VI 
leaving head and pygidium free. 

REMARKS 

In Antichtopauropodidae fam. nov. all the tergites are 
entire as in Eurypauropodoidea and most Pauropodoidea 
(not entire in Brachypauropodoidea). They are also 
distinctly sclerotized as in Brachypauropodoidea 
and Eurypauropodoidea (weakly sclerotized in 
Pauropodoidea) and tergites I and VI leave the head 
and the pygidium free as in Pauropodoidea and 
Brachypauropodoidea (head and pygidium covered 
by these tergites in Eurypauropodoidea and rarely in 
Brachypauropodoidea). True setae are absent on the 
tergites but there are instead a large number of small 
protuberances, as in some Brachypauropodoidea. This 
means that the character combination occurring in 
Antichtopauropodidae is remarkable and shows that it 


does not agree with any of the superfamilies in current 
use (Scheller 2008). 

Genus Antichtopauropus gen. nov. 

TYPE SPECIES 

Antichtopauropus brevitarsus sp. nov. 

DIAGNOSIS 

A genus in Antichtopauropodidae fam. nov. with 
anterodistal corner of sternal antennal branch more 
truncate than posterodistal corner, stalk of antennal 
globulus g distinctly shorter than globulus, 1 st and last 
pair of legs 5-segmented, interposed pairs 6-segmented, 
pygidial sternum with setae b^-b^-b y 

ETYMOLOGY 

From the Greek antichton = southern hemisphere 
(referring to the locality). 

Antichtopauropus brevitarsus sp. nov. 

Figures 22-35 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: adult S (9 leg pairs), 



FIGURES 28-35 Antichtopauropus brevitarsus gen. nov., sp. nov., holotype, adult male: 28, fungiform protuberances 
from tergite I, lateral view; 29, fungiform protuberances from tergite I, tergal view; 30, 7 3 ; 31, seta on 
trochanter of leg 9; 32, tarsus of leg 1; 33, tarsus of leg 9; 34, genital papilla, outer lateral view; 35, 
pygidium, sternal view. Scale a: Figures 30-35; b: Figures 28-29. 
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Mundaring Shire, Voyager Quarry, c. 5 km NE of 
The Lakes, 31°52’05"S, 116°21T6"E, Tullgren funnel 
extraction of wandoo litter, 16 July 2002, J.M. Waldock 
(WAM T99062). 

Paratype 

Australia: Western Australia : 1 subadult S (8 leg 
pairs), same data as holotype (WAM T99063). 

DESCRIPTION 

Adult male (holotype) 

Length : 0.81 mm. 

Head (Figure 23): a median anterior clavate seta 
between antennal bases and on each half of tergal and 
laterotergal side of head at least 11 fungiform tergal and 
laterotergal protuberances and two thin posterolateral 
setae. Temporal organs laterosternal, not visible from 
above, subcircular, no appendages but small pistil 
posteriorly. Cuticle between protuberances glabrous. 

Antennae (Figure 24): segment 4 with four setae, 
all cylindrical striate-annulate blunt, r thinnest; their 
relative lengths p=p’=p”= 10, r= 6; p 0.5 of the length 
of tergal branch t. The latter fusiform, distally truncate 
obliquely, 2.1 times as long as greatest diameter and 
as long as the length of sternal branch s, that branch 
1.8 times as long as greatest diameter, anterodistal 
corner more truncate than posterodistal one. Seta q 
thin cylindrical blunt striate, as long as the length of 5. 
Relative lengths of flagella (base segments included) 
and base segments: 7^=100, bs = 8; F= 36, bs= 6; F 3 =91, 
bs= 8. F x 4.1 times as long as t, F 2 and F 3 1.6 and 4.0 
times as long as s respectively; F 2 distinctly thinner than 
F x and F y Distal calyces helmet-shaped, axes widened 
only between calyx and most distal lamella. Globulus 
g small, 1.3 times as long as wide; ~6 bracts, capsule 
small spherical; width of g 0.7 of greatest diameter of t. 
Antennae glabrous. 

Trunk (Figures 22, 25-29): setae of collum segment 
(Figure 25) short furcate; primary branch somewhat 
tapering striate, secondary branch rudimentary 
glabrous; sternite process triangular, anterior part blunt; 
process and appendages glabrous. 

Tergites III-VI with shallow indentations around 
insertion pits of bothriotricha (Figure 22). Tergites 
(Figures 22, 26-27) distinctly sclerotized, true setae 
absent but surface densely covered with fungiform 
organs (Figures 28, 29), surface between fungiform 
organs glabrous. 

Bothriotricha : relative lengths: 7^=100, T= 95, 
T=61, T=91, T= 98. Axes of all but T 3 thin, with very 
short pubescence. T 3 (Figure 30) with thicker axis and 
two pyriform swellings, about 0.1 of the length of 
bothriotrix, one just outside the middle and the other 
distally; axis below swellings with short but distinct 
pubescence; swellings with short pubescence in whorls. 

Legs (Figures 31-33): short. Setae on coxa and trochanter 
(Figure 31) simple cylindrical striate. Tarsi short, those of 
leg 1 (Figure 32) and leg 9 (Figure 33) 1.3 and 1.8 times 


as long as greatest diameter, respectively. Tarsi of leg 1 
with one seta; tarsi of leg 9 with two setae, thin cylindrical 
striate, proximal one 0.2 of the length of tarsus and almost 
as long as distal seta. Cuticle of tarsi glabrous. 

Genital papillae (Figure 34): conical with convex 
sides, 1.3 times as long as greatest diameter, length of 
seta 0.5 of the length of papilla. 

Pygidium (Figure 35): glabrous. 

Tergum : posterior margin evenly rounded. Setae short, 
relative lengths: a=st= 1, a= 2, a= 5. a v a 2 and st clavate 
with a few but distinct pubescence hairs, a 3 lanceolate 
glabrous. Distance a-a ] 3.2 times as long as ay, distance 
a-a 2 2.5 times as long as distance a 2 -a 3 ; distance st-st 6.5 
times as long as st and 1.4 times as long as distance a l -a v 

Sternum : posterior margin with two small low bulges 
just below anal plate. Three pairs of thin setae, b x and 
b 2 with indistinct striation distally, b 3 annulate, their 
relative lengths (pygidial <^=10): b=ll, b= 43, b= 25. 
b x 0.9 of interdistance, b 2 0.9 of distance b x -b v b 3 0.3 of 
interdistance. 

Anal plate widens from its base with convex lateral 
margins, a wedge-shaped lobe projecting backward 
inside two posterolateral corners, lobe twice longer 
than broad with two curved bladder-shaped appendages 
projecting outwards-backwards from posterior part, 
these 0.5 of the length of plate, curved inwards and with 
short but distinct pubescence. 

Etymology 

From the Latin brevis = short and the Greek tarsos = 
ankle, foot. 

REMARKS 

The Western Australian collection reported above, 
11 specimens, contained seven identifiable specimens 
among which four species could be identified, three of 
them new to science and one (Decapauropus tenuis ) 
belonging to a widespread tropical element. The 
high number of species in proportion to the number 
of specimens indicates that the Pauropoda of West 
Australia show a high degree of endemism and a 
considerable diversity. 

APPENDIX 

A paper on the distribution patterns and diversity 
of invertebrates of temperate rain forests in Tasmania 
was published by Greenslade in 2008. The Pauropoda 
were unreliably treated. Among the many errors some 
are in a checklist of the species, in which the names of 
the species not are in accordance with the classification 
now in use. The key to the species is useless because 
some genera are named wrongly and most species are 
not named at all. A new key is presented below. It has, 
however, to be used with caution because the Tasmanian 
fauna certainly has more species. Descriptions of the 
Tasmanian species attributed to me are published in the 
Memoirs of Museum Victoria (Scheller 2009). 
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KEY TO TASMANIAN SPECIES OF 
PAUROPODA 

1. Body oval, somewhat flattened; tergite I entire, at 

least tergites II-IV divided; setae of head and 
tergites more or less modified. 

.Brachypauropodidae 

. Borneopauropus dignus Scheller 

Body fusiform; all tergites entire; setae of head and 
tergites most often not modified. 

.Pauropodidae...2 

2. Adults with all legs 5-segmented. 

. Nesopauropus tasmaniensis Scheller 

Adults with 1 st and last pairs of legs 5-segmented, 
interposed pairs 6-segmented. 3 

3. Anterior margin of sternal antennal branch shorter 

than posterior margin.4 

Anterior and posterior margins of sternal antennal 
branch subequal in length. 11 

4. Pygidial sternum with setae b l ,b 2 and b 3 . 

. Allopauropus. . .5 

Pygidial sternum with setae b y and b 2 . 

. Decapauropus. . .6 

5. Temporal organs with distinct anterior appendage; 

T 3 with ovoid endswelling; anal plate with long 

postromedian process. 

. Allopauropus inusitatus Scheller 

Temporal organs without anterior appendage; distal 
part of T 3 cylindrical; anal plate with straight 

posterior margin. 

. Allopauropus fraterculus Scheller 

6. Bothriotricha T 3 with ovoid endswelling; pygidial 

setae st somewhat clavate. 

. Decapauropus convexus Scheller 

Bothriotricha T 3 without endswelling; pygidial setae 
st cylindrical or tapering. 7 

7. Pygidial tergum with large rounded posteriomedian 

lobe; anal plate with very short appendages. 

. Decapauropus terrestris Scheller 

Posteriomedian margin of pygidial tergum straight; 
anal plate with distinct cylindrical or claviform 
appendages.8 

8. Anal plate with rounded posteriomedian margin. 

. Decapauropus heis Scheller 

Anal plate with posteriomedian incision.9 

9. Bothriotricha T 3 with long ramose pubescence hairs 

arranged in whorls; proximal and distal setae on 

tarsus of last pair of legs of the same length. 

. Decapauropus ungulatus Scheller 


Bothriotricha T 3 with short simple pubescence 
hairs; proximal seta on tarsus of last pair of legs 
distinctly longer than distal seta. 10 

10. Proximal 2/3 of bothriotricha T 3 fusiformly 

thickened; a-setae of pygidial tergum pointed. 

. Decapauropus attenuatus Scheller 

Bothriotricha T 3 with thin axis; a-setae of pygidial 

tergum cylindrical. 

. Decapauropus saltuarius Scheller 

11. Pygidial sternum with setae b x and b 2 Pauropus..A2 

Pygidial sternum with setae b { only. 

. Stylopauropoides. . .13 

12. Pygidial setae st subcylindrical tapering; posterior 

appendages of anal plate short blunt. 

. Pauropus dolosus Remy 

Pygidial setae st similar to a knife blade; posterior 

appendages of anal plate long thin pointed. 

. Pauropus vandiemeni Scheller 

13. Anal plate with distinct lateral appendages. 

. Stylopauropoides quadripartitus Scheller 

Lateral appendages on anal plate absent. 14 

14. Anal plate with U-shaped posterior incision and 

clavate appendages. 

. Stylopauropoides eximius Scheller 

Anal plate with V-shaped posterior incision and 
appendages in the shape of a drawing-pin. 15 

15. Posteriodistal corner of sternal antennal branch s 

distinctly more truncate than anteriodistal one; 

pygidial setae b l undulate. 

. Stylopauropoides erectus Scheller 

Anteriodistal and posteriodistal corners of sternal 
antennal branch s equally truncate; pygidial setae 
b x evenly curved. 16 

16. Posteriomedian setae on tergite VI clavate; distal 

part of bothriotricha T 3 with simple hairs. 

. Stylopauropoides hetaeros Scheller 

Posteriomedian setae on tergite VI thin pointed; 
distal part of bothriotricha T 3 with ramose hairs ... 

. 17 

17. Antennal globulus g subspherical; pygidial setae st 

tapering pointed. 

. Stylopauropoides rounsevelli Scheller 

Antennal globulus g subconical; pygidial setae st 
cylindrical. Stylopauropoides scissus Scheller 
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Two new species of Synsphyronus 
(Pseudoscorpiones: Garypidae) from 
southern Western Australian granite 
landforms 
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ABSTRACT - Two new species of Synsphyronus, S. francesae and S. ellenae, are described from 
southern Western Australia. These species occur on granite outcrops where they congregate under 
exfoliating pieces of granite. Synsphyronus francesae occurs near the south coast of Western 
Australia, while S. ellenae occurs in the central wheatbelt region. Synsphyronus ellenae is the first 
species of the genus with an adult trichobothrial pattern of six trichobothria on the fixed finger and two 
on the moveable finger (6/2), although some variation was observed with five or seven trichobothria 
occasionally present. All other species of Synsphyronus have patterns of 8/3, 8/2, 8/1, 7/2 or 7/1. The 
only other species of Garypidae with a 6/2 pattern is Meiogarypus mirus Beier from Namibia, and the 
only species with lower trichobothrial numbers are Elattogarypus cruciatus Beier from South Africa, 
E. somalicus Mahnert from Somalia, E. cicatrosus Mahnert from the Yemeni island of Socotra, and 
Eremogarypus eximius Beier from Namibia, each with a 5/1 pattern. The conservation status of these 
species is examined. 


KEYWORDS: inselbergs, monadnocks, taxonomy, morphology, Arachnida, conservation, short-range 
endemics. 


INTRODUCTION 

Granite domes - also known as inselbergs or 
monadnocks - are a conspicuous geomorphological 
feature of many Australian landscapes and can comprise 
large monoliths rising hundreds of metres above the 
surrounding landscape, to low platforms barely higher 
than their surroundings (Bayly 1999; Withers 2001). 
The fauna associated with Australian granite outcrops 
is known to be diverse and comprises aquatic elements 
dependent upon rock pools and seeps, or terrestrial 
species living under loose pieces of exfoliating granite 
or on the soil aprons adjacent to the rock (Main 1998a; 
Withers and Edward 1998; Bayly 1999; Main 2001). 
Arachnids comprise a significant component of the 
terrestrial fauna of granite domes and many different 
groups were documented by Main (1998a, 2001). 
Although several different pseudoscorpion taxa are 
known to be found on or adjacent to granite rocks, 
members of the genus Synsphyronus Chamberlin, 1930 
are the most abundant and are frequently encountered. 

Species of Synsphyronus are found in most regions of 
Australia and in New Zealand, with 26 species currently 


named from Australia and two from New Zealand 
(Harvey 1987). The discovery of an additional species, 
which is currently unnamed, from New Caledonia 
(Harvey 1996a) further extends the distribution of the 
genus within the Australasian region. Numerous new 
species of the genus have since been discovered in 
Australia (Harvey, unpublished data), many of which 
emanate from Western Australia. This paper reports 
the discovery of two previously unnamed species 
from southwestern Australia. One of these species is 
remarkable for the reduced number of trichobothria 
on the fixed chelal finger. Although trichobothrial 
numbers are generally quite stable within each species 
of Synsphyronus, there is considerable variation between 
species, with the fixed finger of adults bearing seven 
or eight trichobothria, and the moveable finger bearing 
one, two or three trichobothria. The most common 
pattern is 8/3, with 8/2, 8/1, 7/2 and 7/1 being variously 
represented in other species. Descriptions of these two 
new species are presented here to provide additional 
knowledge on the indigenous fauna of southwestern 
Australia. 
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MATERIAL AND METHODS 

The material utilized in the present study is lodged 
in the Western Australian Museum, Perth (WAM), 
with paratypes of one species lodged in the Australian 
Museum, Sydney (AM), American Museum of Natural 
History, New York (AMNH), Australian National Insect 
Collection, Canberra (ANIC), California Academy of 
Sciences, San Francisco (CAS), Museum of Comparative 
Zoology, Harvard University, Cambridge (MCZ), 
Museum d’Histoire Naturelle, Geneva (MHNG), 
Museum National d’Histoire Naturelle, Paris (MNHN), 
Museum Victoria, Melbourne (NMV), Queensland 
Museum, Brisbane (QM) and South Australian Museum, 
Adelaide (SAM). 

Terminology and mensuration largely follow 
Chamberlin (1931), with the exception of the 
nomenclature of the pedipalps and legs, and with 
some minor modifications to the terminology of the 
trichobothria (Harvey 1992) and chelicera (Judson 
2007). 

The specimens were examined in temporary slide 
mounts by immersing the specimen in 75% lactic acid 
or in oil of cloves at room temperature for several 
days, and mounting them on microscope slides with 
10 or 12 mm coverslips supported by small sections 
of 0.25 mm or 0.50 mm diameter nylon fishing line. 
They were examined with a Leica DM2500 compound 
microscope and illustrated with the aid of a drawing 


tube. Measurements were taken at the highest possible 
magnification using an ocular graticule. After study 
each specimen was returned to 75% ethanol with the 
dissected portions placed in 12 x 3 mm glass genitalia 
microvials (BioQuip Products, Inc.). 

Family Garypidae Simon, 1879 

Genus Synsphyronus Chamberlin, 1930 

Synsphyronus Chamberlin, 1930: 616. 

Maorigarypus Chamberlin, 1930: 617 (synonymised by 
Chamberlin 1943: 488). 

Idiogarypus Chamberlin, 1943: 499 (synonymised by 
Morris 1948: 37). 

TYPE SPECIES 

Synsphyronus : Synsphyronus paradoxus Chamberlin, 
1930, by original designation. 

Maorigarypus : Maorigarypus melanochelatus 
Chamberlin, 1930, by original designation. 

Idiogarypus : Garypus hansenii With, 1908, by 
original designation. 

DIAGNOSIS 

Species of Synsphyronus resemble those of 
Paragarypus Vachon, 1937, Thaumastogarypus Beier, 



FIGURES 1-2 1 , Synsphyronus francesae sp. nov., paratype male (WAM T64692); 2, S. ellenae, paratype male 

(WAM T54168). To same scale. 
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FIGURE 3 Map of southwestern Australia showing known distributions of Synsphyronus francesae sp. nov. (•) and 
S. ellenae sp. nov. (■). 


1947 and Ammogarypus Beier, 1962 in the possession of 
clavate, quadricarinate setae that are usually directed at 
right angles to the tegument. The three African genera 
differ from Synsphyronus in the relative positions of 
trichobothria ib and ist. trichobothrium ib is situated 
posterodorsally to ist in Synsphyronus, but is situated 
posteroventrally in Paragarypus, Thaumastogarypus 
and Ammogarypus (e.g. Vachon 1937b; Beier 1947, 
1962, 1964; Mahnert 1982; M.S. Harvey 1987, personal 
observations). 

Synsphyronus francesae sp. nov. 

Figures 1, 3-12 

MATERIAL EXAMINED 
Holotype 

Australia : Western Australia: 8 , Cape Le 
Grand National Park, Le Grand Beach, 33°58'52"S, 
122 o 07'16"E, 15 January 2004, under granite rocks, M.S. 
Harvey, M.E. Blosfelds, F. Harvey and E. Harvey (WAM 
T85198). 

Paratypes 

Australia: Western Australia: 20 8 , collected with 
holotype (WAM T64692); 8 collected with holotype 
(WAM T85202); 1 $ with brood-sac, collected with 
holotype (WAM T64691); 1 tritonymph, collected with 
holotype (WAM T85199); 8 tritonymphs, collected with 
holotype (WAM T85200); 1 deutonymph, collected 


with holotype (WAM T85201); l^l| collected with 
holotype (AM); 1 8 , 1 $, collected with holotype (ANIC); 
1 8 , 1 5, collected with holotype (MCZ); 1 8, 1. %-1 
tritonymph, collected with holotype (MHNG); 1 8 , 1 ?, 
1 tritonymph, collected with holotype (MNHN); 1 c^, 1 
9 , collected with holotype (NMV); 1 cj, 1, collected with 
holotype (QM); 1 8 , 1 collected with holotype (SAM). 

OTHER MATERIAL EXAMINED 
Australia : Western Australia : 15 8 , 12 9, 3 
tritonymphs, 1 deutonymph, 1 protonymph, Cape 
Arid National Park, Mt Arid south side near summit, 
33°57'45"S, 123°13'01"E, 5 June 2007, under rocks, 
M.L. Moir, M.C. Leng (WAM T80666); 5 8 , 4 % 4 
tritonymphs, Cape Le Grand National Park, outcrop 
above Rossiter Bay, 33°58'48"S, 122°15'41"E, 4 June 
2007, under granite rocks, M.L. Moir, M.C. Leng 
(WAM T80729); 26 8 , 15 9, 10 tritonymphs, Cape Le 
Grand National Park, Mt Le Grand summit, 33 0 59'41"S, 
122°07'48"E, 4 June 2007, under granite rocks, M.L. 
Moir, M.C. Leng (WAM T80732); 5 $ (some with 
brood-sacs), Cape Le Grand National Park, off Thistle 
Beach, 34°00T6"S, 122°11'30"E, 17 November 2006, 
under granite rock, M.L. Moir (WAM T78833); 1 8 , 
7 4 tritonymphs, Cape Le Grand National Park, off 

Thistle Beach, 34°00T9"S, 122°11'47"E, 17 November 
2006, under granite rock, M.L. Moir (WAM T78832); 2 
8 , 1 $, Middle Island, Recherche Archipelago, 34°06'S, 
123°irE, 8-9 April 1989, A.F. Longbottom (WAM 
T56031); 2 8 , 1 ?, Middle Island, Recherche Archipelago, 
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FIGURES 4-12 Synsphyronus francesae sp. nov., holotype male (WAM T85198), unless stated otherwise: 4, 
carapace; 5, right eye group; 6, right pedipalp, dorsal view; 7, left leg I; 8, left leg IV; 9, left chela, 
lateral view; 10, left chelal fingers, lateral view, paratype tritonymph (WAM T85199); 11, left chelal 
fingers, lateral view, paratype deutonymph (WAM T85201); 12, left chelal fingers, lateral view, 
paratype protonymph (WAM T80666). Scale lines = 0.5 mm (Figures 4, 6-11), 0.2 mm (Figure 12), 0.1 
mm (Figure 5). 
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34°06'S, 123°H'E, November 1974, H. Bakke (WAM 
T56029); 6 S, 1 ?, Middle Island, Recherche Archipelago, 
34°06'S, 123°H’E, 8-9 April 1989, under granite slabs, 
A.F. Longbottom (WAM T56030); 2 Recherche 
Archipelago, Middle Island, 34°05’34"S, 123 0 H’45"E, 
22 October 2008, under granite rocks, M.S. Harvey et 
al. (WAM T95642); 1 (J, 1 9, 1 deutonymph, Recherche 
Archipelago, Middle Island, Flinders Peak, 34 o 05’41"S, 
123°10'23"E, 24 October 2008, under granite rocks, M.S. 
Harvey et al. (WAM T95663); 3 <J, 5 % 1 tritonymph, 
1 deutonymph, 1 protonymph, Recherche Archipelago, 
Middle Island, 34°05'36"S, 123 0 11'45"E, 22 October 
2008, under granite rocks, M.S. Harvey, et al. (WAM 
T95680); 1 S, 2 g, Recherche Archipelago, Middle 
Island, 34°04'57"S, 123°12'54"E, 23 October 2008, under 
granite rocks, M.S. Harvey et al. (WAM T95690); 4 2 

g, 1 tritonymph, 1 deutonymph, Recherche Archipelago, 
Middle Island, 34°05’03"S, 123°12’50"E, 23 October 
2008, under granite rocks, M.S. Harvey et al. (WAM 
T95696); 5 4 g, Recherche Archipelago, Middle 

Island, 34°05'12"S, 123°12’44"E, 23 October 2008, under 
granite rocks, M.S. Harvey et al. (WAM T95698); 1 
|| Recherche Archipelago, Goose Island, 34°04'55"S, 
123°11'00"E, 22 October 2008, under granite rocks, 
M.S. Harvey et al. (WAM T95710); 1 S, Fitzgerald River 
National Park, S. slopes of East Mt Barren, 33°55'S, 
120 o 01'E, 26 May 1994, under rocks, M.S. Harvey, J.M. 
Waldock, G. Harold, N. Brown (WAM T56027); 1 $, 
Fitzgerald River National Park, Eyre Range, rock outcrop, 
33°5nrs, 119°57'58"E, 30 May 2007, under rock, M.F. 
Moir, M.C. Feng (WAM T80793); 2 $, Duke of Orleans 
Bay, Mt Belches, 33°56’S, 122°34'E, 28 May 2006, under 
granite slab, A.F. Fongbottom (WAM T76120); 4 3 

§ Fittle Wharton Bay, Duke of Orleans Bay, 33°55'S, 
122°35'E, 29 December 1998, under granite slabs above 
bay, A.F. Fongbottom (WAM T56028); 17 S, 1 % 2 
tritonymphs, 1 deutonymph, 1 protonymph, Duke of 
Orleans Bay, Mt Belches near summit, 33°56'26"S, 
122°34'3r'E, 2 June 2007, under granite rocks, M.F. 
Moir, A. Fongbottom (WAM T80701); 1 9 , Duke of 
Orleans Bay, Mt Belches near summit, 33°56'26"S, 
122°34'31"E, 2 June 2007, under granite rocks, M.F. Moir, 
A. Fongbottom (WAM T95091). 

DIAGNOSIS 

Adults of Synsphyronus francesae possess separate 
metatarsi and tarsi (Figures 7, 8), and a trichobothrial 
pattern of seven trichobothria on the fixed chelal finger 
and one on the movable finger (Figure 9). It differs 
from the only other named species of the genus sharing 
these features, S. nullarborensis Beier, 1969, by its 
substantially larger size, e.g. chela (with pedicel) 1.95— 
2.17 0), 2.29-2.47 ( 9 ) mm in length, compared with 
1.385-1.71 0), 1.515-1.78 mm ( 9 ) inS. nullaborensis. 

DESCRIPTION 

Adults 

Colour of sclerotized portions generally dark red- 
brown (Figure 1). Waxy epicuticle. Setae generally 


aligned perpendicularly from body, each seta 
quadricarinate. Most cuticular surfaces roughened, but 
not granulate. 

Chelicera : with 5 setae on hand and 1 subdistal seta 
on movable finger, all setae acuminate; setae sbs and bs 
shorter than others; 2 dorsal lyrifissures and 1 ventral 
lyrifissure; galea of $ and $ unbranched; rallum of 3 
blades, the most distal blade with several serrations on 
leading edge, other blades smooth; serrula exterior with 
22 0), 23 ($) blades; lamina exterior present. 

Pedipalp (Figure 6): trochanter 1.39 0), 1.39 ( 9 ), 
femur 3.95-4.30 0), 4.05-4.40 (?), patella 2.81-3.10 
0), 2.88-3.17 (?), chela (with pedicel) 3.81-4.29 0), 
4.00-4.32 ( 9 ), chela (without pedicel) 3.69-4.00 0), 
3.83-4.17 (?), hand 1.95-2.14 0), 2.07-2.23 (?) times 
longer than broad, movable finger 0.88-0.96 0), 
0.87-0.97 (9) times longer than hand. Fixed chelal 
finger with 7 trichobothria, movable chelal finger with 
1 trichobothrium (Figure 9): isb, st, sb and b absent; eb 
and esb situated basally, est submedially, et subdistally, 
ib and ist basally in diagonal row, and it subdistally, well 
posterior to et, t situated subdistally; patch of microsetae 
present on external margin of fixed chelal finger near et. 
Venom apparatus present in both chelal fingers, venom 
ducts long, terminating in nodus ramosus near est in 
fixed finger and near t in movable finger. Chelal teeth 
retrorse and acute distally, becoming rounded basally; 
fixed finger with 53 0), 60 (9) teeth; movable finger 
with 47 0), 52 (9) teeth; accessory teeth absent. 

Carapace (Figure 4): 0.87-0.94 0), 0.84-0.93 
(9) times longer than broad; anterior margin slightly 
indented medially; subtriangular; with 2 pairs of 
rounded corneate eyes (Figure 16) situated one-third 
carapace length from anterior margin; with c. 20 0 , 
9) setae, including 2 near anterior margin and 4 near 
posterior margin; with numerous lyrifissures; without 
furrows. 

Coxal region : manducatory process rounded, with 
3 apical acuminate setae; medial maxillary lyrifissure 
situated submedially; chaetotaxy of coxae I-IV: $, 3: 4: 
5: 6; ?,4: 5: 5: 8. 

Legs (Figures 7, 8): junction between femora and 
patellae I and II slightly oblique to long axis; junction 
between femora and patellae III and IV very angulate; 
femora III and IV much smaller than patellae III and IV; 
femur + patella of leg IV 3.93 0), 4.03 (9) times longer 
than broad; metatarsi and tarsi not fused and without 
tactile seta; subterminal tarsal setae arcuate and acute; 
arolium much longer than claws, not divided. 

Abdomen : tergites II-X completely divided by median 
suture line (Figure 1); sternites V-X with medial 
suture line, sometimes incompletely divided. Tergal 
chaetotaxy: $ 4: 4: 4: 4: 6: 6: 8: 8: 8: 8: 4: 2; $ 4: 4: 4: 6: 
8: 8: 8: 8: 8: 8: 6: 2, uniseriate; all setae quadricarinate. 
Sternal chaetotaxy: $ 8: (0) 6 [4+4] (0): (0) 6 (0): 6: 4: 
5: 6: 6: 8: 4: 2; g 6: (0) 8 (0): (0) 7 (0): 8: 10: 10: 10: 10: 
6: 4: 2; uniseriate; all setae quadricarinate except for 
setae on sternites II-IV and medial setae on sternites 
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V-IX, which are acuminate. Spiracles without helix. 
Anal plates (tergite XII and sternite XII) situated within 
sternite XI, surrounded by slightly raised rim. Pleural 
membrane wrinkled-plicate; without any setae. 

Genitalia : male: lateral apodeme laterally extended 
and distally broadened; anterior apodeme acute; a pair of 
acute dorsal apodemes; lateral rod very broad ventrally 
and with a blunt, anterior projection; ejaculatory 
canal atrium large and cup-shaped. Female: with 1 
pair of lateral cribriform plates and 2 pairs of median 
cribriform plates. 

Dimensions (mm): Male: holotype (WAM T85198) 
followed by five other males selected from WAM 
T64692 (where applicable): Body length 3.92 (3.76-4.35). 
Pedipalps: trochanter 0.580/0.417, femur 1.416/0.329 
(1.293-1.480/0.315-0.358), patella 1.095/0.359 (0.986- 
1.148/0.351-0.402), chela (with pedicel) 2.094/0.488 
(1.950-2.167/0.470-0.550), chela (without pedicel) 1.925 
(1.829-2.078), hand length 1.046 (0.978-1.127), movable 
finger length 0.916 (0.915-1.037). Chelicera 0.365/0.166, 
movable finger length 0.228. Carapace 1.119/1.272 (1.145— 
1.224/1.217-1.389); eye diameter, anterior 0.088, posterior 
0.112. Leg I: femur 0.389/0.187, patella 0.383/0.211, tibia 
0.443/0.138, metatarsus 0.214/0.106, tarsus 0.182/0.097. 
Leg IV: femur + patella 1.046/0.266, tibia 0.658/0.143, 
metatarsus 0.264/0.120, tarsus 0.234/0.110. 

Female: paratype (WAM T64691) followed by 
five other females selected from WAM T85202 
(where applicable): Body length 5.10 (4.80-5.19). 
Pedipalps: trochanter 0.677/0.487, femur 1.596/0.365 
(1.566-1.677/0.360-0.403), patella 1.243/0.418 (1.215- 
1.310/0.401-0.444), chela (with pedicel) 2.292/0.569 
(2.300-2.466/0.571-0.606), chela (without pedicel) 
2.180 (2.226-2.379), hand length 1.177 (1.202-1.276), 
movable finger length 1.090 (1.081-1.124). Chelicera 
0.429/0.222, movable finger length 0.286. Carapace 
1.369/1.476 (1.272-1.378/1.471-1.632); eye diameter, 
anterior 0.094, posterior 0.107. Leg I: femur 0.311/0.216, 
patella 0.449/0.250, tibia 0.508/0.155, metatarsus 
0.256/0.115, tarsus 0.205/0.094. Leg IV: femur + patella 
1.182/0.293, tibia 0.775/0.160, metatarsus 0.301/0.140, 
tarsus 0.229/0.119. 

Tritonymph 

Colour slightly paler than in adults, mostly deep 
yellow-brown. 

Chelicera: with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp: trochanter 1.40, femur 4.06, patella 2.67, 
chela (with pedicel) 3.92, chela (without pedicel) 3.69, 
hand (without pedicel) 2.01 times longer than broad, 
and movable finger 0.89 times longer than hand (without 
pedicel). Fixed chelal finger with 6 trichobothria, 
movable chelal finger with 1 trichobothrium (Figure 10): 
eb, ist and ib situated basally; est situated medially; et 
distally; it subdistally; t subdistally. 

Carapace: 0.92 times longer than broad; with 2 pairs 
of rounded corneate eyes; with 2 setae near anterior 


margin and 2 near posterior margin; without furrows. 

Legs: much as in adults, except metatarsi and tarsi 
fused. 

Abdomen: tergal chaetotaxy: 4: 4: 6: 6: 6: 6: 6: 6: 6: 6: 
6: 2. Sternal chaetotaxy: 0: (0) 2 (0): (0) 4 (0): 6: 6: 6: 6: 
6: 6: 2: 2. 

Dimensions (mm): paratype (WAM T85199): body 
length 3.82. Pedipalps: trochanter 0.498/0.355, femur 
1.146/0.282, patella 0.848/0.318, chela (with pedicel) 
1.684/0.430, chela (without pedicel) 1.585, hand length 
0.863, movable finger length 0.767. Carapace 0.977/1.059. 

Deutonymph 

Colour paler than in adults, mostly yellow-brown. 

Chelicera: with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp: trochanter 1.38, femur 3.40, patella 2.44, 
chela (with pedicel) 3.46, chela (without pedicel) 3.21, 
hand (without pedicel) 1.75 times longer than broad, and 
movable finger 0.90 times longer than hand (without 
pedicel). Fixed chelal finger with 5 trichobothria, 
movable chelal finger with 1 trichobothrium (Figure 11): 
eb, ist situated basally; est situated medially; et distally; 
it subdistally; t submedially. 

Carapace: 0.93 times longer than broad; with 2 pairs 
of rounded corneate eyes; with 2 setae near anterior 
margin and 3 near posterior margin; without furrows. 

Legs: much as in adults, except metatarsi and tarsi 
completely fused. 

Abdomen: tergal chaetotaxy: 3: 4: 4: 4: 4: 5: 6: 6: 6: 6: 2: 2. 
Sternal chaetotaxy: 0: (0) 2 (0): (0) 3 (0): 3: 6: 6: 6: 6: 6:4: 2. 

Dimensions (mm): paratype (WAM T85201): body 
length 2.70. Pedipalps: trochanter 0.420/0.305, femur 
0.929/0.273, patella 0.743/0.305, chela (with pedicel) 
1.472/0.426, chela (without pedicel) 1.367, hand 
length 0.747, movable finger length 0.672. Carapace 
0.908/0.980. 

Protonymph 

Colour paler than in adults, mostly pale yellow-brown. 

Chelicera: with 4 setae on hand and 0 on movable 
finger; galea unbranched. 

Pedipalp: trochanter 1.48, femur 2.99, patella 2.18, 
chela (with pedicel) 3.24, chela (without pedicel) 2.93, 
hand (without pedicel) 1.41 times longer than broad, 
and movable finger 1.09 times longer than hand (without 
pedicel). Fixed chelal finger with 3 trichobothria, 
movable chelal finger with 1 trichobothrium (Figure 12): 
eb and ist situated basally; et distally; t submedially. 

Carapace: 0.85 times longer than broad; with 2 pairs 
of rounded corneate eyes; with 2 setae near anterior 
margin and 2 near posterior margin; without furrows. 

Legs: much as in adults, except metatarsi and tarsi 
completely fused. 

Abdomen: tergal chaetotaxy: 2: 2: 2: 4: 4: 4: 4: 4: 4: 4: 
4: 2. Sternal chaetotaxy: 0: (0) 2 (0): (0) 2 (0): 2: 2: 2: 2: 
2: 2: 2: 2. 



TWO NEW SPECIES OF SYNSPHYRONUS 


17 


Dimensions (mm): paratype (WAM T80666): body 
length 2.62. Pedipalps: trochanter 0.355/0.240, femur 
0.663/0.222, patella 0.552/0.253, chela (with pedicel) 
1.095/0.338, chela (without pedicel) 0.989, hand length 
0.475, movable finger length 0.516. Carapace 0.742/0.875. 

REMARKS 

Synsphyronus francesae occurs on granite outcrops 
along the south coast of Western Australia (Figure 3) 
where they congregate, often in large numbers, under 
exfoliating granite slabs. Populations of S. francesae are 
well represented in conservation reserves and have been 
found in Cape Arid National Park, Fitzgerald National 
Park, Cape Le Grand National Park and Recherche 
Archipelago Nature Reserve. The easternmost locations 
are situated at Mt Arid and Poison Creek in the Cape 
Arid National Park, and Middle Island and Goose Island 
in the Recherche Archipelago Nature Reserve. The 
westernmost locations are located 200 km away in the 
Fitzgerald National Park, with one specimen collected 
in the Eyre Range and another on the south slopes of 
East Mount Barren. The remaining locations are situated 
within Cape Le Grand National Park and Duke of 
Orleans Bay; the latter location is the only one thus far 
outside of a national park or nature reserve. 

Four females were collected with brood-sacs attached 
to their gonopores: two females (WAM T78833) 
collected on 17 November 2006 each had a brood-sac 
with seven small embryos, a female (WAM T56028) 
collected on 29 December 1998 had a brood-sac with six 
small embryos, and a female (WAM T64691) collected 
on 15 January 2004 had a brood-sac with nine large 
embryos. Thus, it appears that the females brood their 
embryos during summer. 

ETYMOLOGY 

This species is named for my daughter, Frances Harvey, 
who assisted in the collection of the type specimens. 

Synsphyronus ellenae sp. nov. 

Figures 2, 3, 13-21 

MATERIAL EXAMINED 
Holotype 

Australia : Western Australia : 3 , Kokerbin Nature 
Reserve, Kokerbin Rock, 31°53'24"S, 117°42'20"E, 12 
November 2002, under granite rocks, M.S. Harvey, M.E. 
Blosfelds, F. Harvey and E. Harvey (WAM T54167). 

Paratypes 

Australia : Western Australia : 5 S, 5 $ (2 with brood- 
sacs), 2 tritonymphs, 1 deutonymph, collected with 
holotype (WAM T54162, T54168-T54174). 

Other material 

Australia: Western Australia: 2 S, 3 3 

tritonymphs, 2 deutonymphs, Mt Caroline Nature 
Reserve, 31°47’36"S, 117°38'34"E, 7 July 2004, under 


granite rocks at top, M.S. Harvey, J.M. Waldock and R. 
Engel (WAM T64676, T64677). 

DIAGNOSIS 

Adults of Synsphyronus ellenae differ from all other 
species of the genus by the possession of only six 
trichobothria on the fixed chelal finger and two on the 
movable chelal finger (Figure 18), although rarely five 
or seven trichobothria were recorded on the fixed finger. 
Other salient features include the separate metatarsi and 
tarsi (Figures 13, 14), the lateral margins of anterior eyes 
with cuticle extending over cornea (Figure 16), and chela 
(with pedicel) length of 1.73-1.84 (<J), 1.95-2.14 ($) mm. 

DESCRIPTION 

Adults 

Colour of sclerotized portions generally dark red- 
brown (Figure 2). Waxy epicuticle. Setae generally 
aligned perpendicularly to body, each seta 
quadricarinate. Most cuticular surfaces roughened, but 
not granulate. 

Chelicera: with 5 setae on hand and 1 subdistal seta 
on movable finger, all setae acuminate; setae sbs and 
bs shorter than others; with 2 dorsal lyrifissures and 1 
ventral lyrifissure; galea of 3 and $ unbranched; rallum 
of 3 blades, the most distal blade with several serrations 
on leading edge, other blades smooth; serrula exterior 
with 21 0 t 5) blades; lamina exterior present. 

Pedipalp (Figure 17): trochanter 1.46 0 ), 1.48 ($), 
femur 3.80-4.48 0 ), 3.84-4.13 (?), patella 2.79-2.99 
0 ), 2.86-2.95 ($), chela (with pedicel) 3.68-4.11 0 ), 
3.48-3.77 ($), chela (without pedicel) 3.46-3.81 0), 
3.29-3.55 ( 5 ), hand (without pedicel) 1.84-2.02 0), 
1.77-1.89 (5) times longer than broad, movable finger 
0.90-0.98 0\ 0.79-0.92 ($) times longer than hand. 
Fixed chelal finger with 6 (Figure 19), or rarely 5 (Figure 
18) or 7, trichobothria, movable chelal finger with 2 
trichobothria (Figures 18, 19), usually with esb, isb, st 
and b absent: eb situated basally, est submedially, et 
subdistally, ib and ist basally in diagonal row, and it 
subdistally, slightly posterior to et, sb situated basally 
and t situated subdistally; in cases where 5 trichobothria 
are present on fixed finger, it is absent, and where 
7 trichobothria are present, esb is present; patch of 
microsetae present on external margin of fixed chelal 
finger near et. Venom apparatus present in both chelal 
fingers, venom ducts long, terminating in nodus ramosus 
basal to et in fixed finger and basal to t in movable 
finger. Chelal teeth retrorse and acute distally, becoming 
rounded basally; fixed finger with 51 0), 60 ($) teeth; 
movable finger with 42 0), 53 ($) teeth; accessory teeth 
absent. 

Carapace (Figure 15): 0.74-0.92 0), 0.83-0.90 (?) 
times longer than broad; anterior margin of carapace 
slightly indented medially; subtriangular; with 2 pairs of 
corneate eyes situated about one-third carapace length 
from anterior margin, lateral margins of anterior eyes 
with cuticle extending over cornea (Figure 16); with 
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FIGURES 13-21 Synsphyronus ellenae sp. nov., holotype male (WAM T54167), unless stated otherwise: 13, left leg 
I; 14, left leg IV; 15, carapace; 16, right eye group; 17, left pedipalp, dorsal view; 18, right chela, 
lateral view; 19, right chelal fingers, lateral view, paratype female (WAM T54169); 20, left chelal 
fingers, lateral view, paratype tritonymph (WAM T54172); 21, left chelal fingers, lateral view, paratype 
deutonymph (WAM T54174). Scale lines = 1.0 mm (Figure 17), 0.5 mm (Figures 13-15, 18-20), 0.2 
mm (Figure 21), 0.1 mm (Figure 16). 
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c. 21 setae, including 2 0, $) near anterior margin 
and 5 0), 6 ($) near posterior margin; with numerous 
lyrifissures; without furrows. 

Coxal region : manducatory process rounded, with 
3 apical acuminate setae; medial maxillary lyrifissure 
situated submedially; chaetotaxy of coxae I-IV: 4: 5: 
5: 6; $, 4: 4: 5: 8. 

Legs (Figures 13, 14): junction between femora and 
patellae I and II slightly oblique to long axis; junction 
between femora and patellae III and IV strongly 
angulate; femora III and IV much smaller than patellae 
III and IV; femur + patella of leg IV 3.74 0 ), 4.06 ($) 
times longer than broad; metatarsi and tarsi not fused 
and without tactile seta; subterminal tarsal setae arcuate 
and acute; arolium much longer than claws, not divided. 

Abdomen : tergites II-X completely divided by median 
suture line (Figure 2); sternites V-XI 0), IX-XI (?) 
with medial suture line, sometimes incompletely divided. 
Tergal chaetotaxy: $ 8: 7: 9: 10: 10: 11: 9: 11: 10: 10: 4: 
2; 9: 10: 11: 12: 14: 15: 13: 13: 12: 10: 4: 2; uniseriate; 

all setae quadricarinate. Sternal chaetotaxy: S, 9 [3+3]: 
(0) 4 (0): (0) 6 (0): 5: 5: 7: 8: 10: 9: 4: 2; $ 10: (0) 10 (0): 
(0) 8 (0): 10: 13: 12: 11: 12: 12: 12: 2; uniseriate; all setae 
quadricarinate except for setae on sternites II-IV and 
medial setae on sternites V-IX, which are acuminate. 
Spiracles without helix. Anal plates (tergite XII and 
sternite XII) situated within sternite XI, surrounded by 
slightly raised rim. Pleural membrane wrinkled-plicate; 
without any setae. 

Genitalia : male: lateral apodeme laterally extended 
and distally broadened; anterior apodeme acute; a pair of 
acute dorsal apodemes; lateral rod very broad ventrally 
and with a blunt, anterior projection; ejaculatory canal 
atrium large and cup-shaped. Female: with one pair of 
lateral cribriform plates and 2 pairs of median cribriform 
plates. 

Dimensions (mm): Male: holotype (WAM T54167) 
followed by four other males (WAM T54168) (where 
applicable): Body length 4.03 (3.63-3.81). Pedipalps: 
trochanter 0.558/0.381, femur 1.264/0.282 (1.156- 
1.282/0.297-0.337), patella 0.942/0.319 (0.931- 
1.026/0.3290.360), chela (with pedicel) 1.816/0.442 
(1.731-1.844/0.456-0.501), chela (without pedicel) 
1.687 (1.646-1.736), hand length 0.866 (0.860-0.920), 
movable finger length 0.846 (0.816-0.845). Chelicera 
0.348/0.166, movable finger length 0.224. Carapace 
1.051/1.294 (0.960/1.111/1.049-1.237); eye diameter, 
anterior 0.059, posterior 0.080. Leg I: femur 0.257/0.182, 
patella 0.348/0.209, tibia 0.412/0.136, metatarsus 
0.206/0.099, tarsus 0.178/0.088. Leg IV: femur + patella 
0.954/0.255, tibia 0.596/0.152, metatarsus 0.257/0.120, 
tarsus 0.207/0.115. 

Female: paratype (WAM T54169) followed by 
four other female paratypes (WAM T54170, T54171) 
(where applicable): Body length 5.38 (4.75-5.23). 
Pedipalps: trochanter 0.638/0.430, femur 1.480/0.358 
(1.348-1.477/0.350-0.382), patella 1.140/0.392 (1.092- 
1.166/0.382-0.421), chela (with pedicel) 2.125/0.563 


(1.947-2.141/0.560-0.606), chela (without pedicel) 
1.996 (1.866-2.045), hand length 1.065 (0.997-1.077), 
movable finger length 0.970 (0.850-0.949). Chelicera 
0.413/0.212, movable finger length 0.297. Carapace 
1.224/1.482 (1.180-1.284/1.327-1.434); eye diameter, 
anterior 0.053, posterior 0.074. Leg I: femur 0.294/0.208, 
patella 0.382/0.236, tibia 0.430/0.150, metatarsus 
0.220/0.115, tarsus 0.180/0.100. Leg IV: femur + patella 
1.150/0.283, tibia 0.691/0.165, metatarsus 0.260/0.166, 
tarsus 0.245/0.125. 

Tritonymph 

Colour slightly paler than in adults, mostly deep 
yellow-brown. 

Chelicera: with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp: trochanter 1.41, femur 3.75, patella 2.60, 
chela (with pedicel) 3.84, chela (without pedicel) 3.68, 
hand (without pedicel) 1.78 times longer than broad, and 
movable finger 0.88 times longer than hand (without 
pedicel). Fixed chelal finger with 5 trichobothria, 
movable chelal finger with 2 trichobothria (Figure 20): 
eb and ib situated basally; est situated medially; et 
distally; it subdistally; sb subbasally and t medially. 

Carapace: 0.92 times longer than broad; with 2 pairs 
of corneate eyes, lateral margins of anterior eyes with 
cuticle extending over cornea; with 2 setae near anterior 
margin and 4 near posterior margin; without furrows. 

Legs: much as in adults except metatarsi and tarsi 
fused, with faint suture line visible on some legs. 

Abdomen: tergal chaetotaxy: 6: 6: 6: 8: 10: 10: 11: 8: 10: 
8: 4: 2. Sternal chaetotaxy: 1: (0) 6 (0): (0) 6 (0): 6: 5: 8: 
8 : 10 : 10 : 2 : 2 . 

Dimensions (mm): paratype (WAM T54172): body 
length 3.95. Pedipalps: trochanter 0.488/0.346, femur 
1.066/0.284, patella 0.835/0.321, chela (with pedicel) 
1.648/0.429, chela (without pedicel) 1.578, hand 
length 0.875, movable finger length 0.774. Carapace 
1.006/1.091. 

Deutonymph 

Colour much paler than in adults, mostly orange-brown. 

Chelicera: with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp: trochanter 1.52, femur 3.37, patella 2.33, 
chela (with pedicel) 3.59, chela (without pedicel) 3.31, 
hand (without pedicel) 1.66 times longer than broad, and 
movable finger 0.96 times longer than hand (without 
pedicel). Fixed chelal finger with 5 trichobothria, movable 
chelal finger with 1 trichobothrium (Figure 21): eb and 
ib situated basally; est situated medially; et distally; it 
subdistally; t medially. 

Carapace: 0.91 times longer than broad; with 2 pairs of 
corneate eyes, lateral margins of anterior eyes with cuticle 
extending over cornea; with 2 setae near anterior margin 
and 4 near posterior margin; without furrows. 

Legs: much as in adults except metatarsi and tarsi 
fused. 
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Abdomen : tergal chaetotaxy: 4: 4: 6: 6: 6: 6: 6: 6: 6: 6: 
4: 2. Sternal chaetotaxy: 0: (0) 2 (0): (0) 2 (0): 2: 4: 4: 6: 
8: 8: 4: 2. 

Dimensions (mm): paratype (WAM T54174): body 
length 2.86. Pedipalps: trochanter 0.384/0.253, femur 
0.755/0.224, patella 0.600/0.257, chela (with pedicel) 
1.188/0.331, chela (without pedicel) 1.096, hand 
length 0.575, movable finger length 0.551. Carapace 
0.726/0.800. 

REMARKS 

Synsphyronus ellenae has only been found at 
Kokerbin Rock and Mt Caroline in the central wheatbelt 
of Western Australia (Figure 3). The specimens were 
found under pieces of exfoliating granite. Two females 
(WAM T54169 and T54170) collected at Kokerbin Rock 
in November 2002 were carrying brood-sacs with 10 and 
9 embryos, respectively. 

ETYMOLOGY 

This species is named for my daughter, Ellen Harvey, 
who assisted in the collection of the type specimens. 

DISCUSSION 

TRICH0B0THRIAL REDUCTION IN GARYPIDAE 

Pseudoscorpions of the family Garypidae can 
be divided into two groups, one (‘garypines’ sensu 
Harvey 1996b) comprising the halophilic genus 
Garypus L. Koch 1873, and the other (‘synsphyronines’ 
sensu Harvey 1996b) with the remaining genera: 
Ammogarypus Beier, 1962, Anagarypus Chamberlin, 
1930, Elattogarypus Beier, 1964, Eremogarypus Beier, 
1955, Meiogarypus Beier, 1955, Neogarypus Vachon, 
1937, Paragarypus Vachon, 1937, Synsphyronus and 
Thaumastogarypus Beier, 1947. These two groups are 
reciprocally monophyletic, although the relationships 
within each group have yet to be fully resolved (Harvey 
1996b; M.S. Harvey, unpublished data). 

There have been no reported reductions of adult 
trichobothrial number in Garypus and all possess 
the plesiomorphic condition of eight trichobothria on 
the fixed chelal finger and four trichobothria on the 
movable chelal finger (8/4). In the second group (the 
‘synsphyronines’), all three species of Ammogarypus 
have 8/2 (Beier 1962, 1964, 1973), the three species of 
Anagarypus have either 7/2 or 7/1 (Muchmore 1982), 
the three species of Elattogarypus have 5/1 (Beier 1964; 
Mahnert 1984, 2007), the four species of Eremogarypus 
have either 8/3, 8/2 or 5/1 (Beier 1955, 1962, 1973), the 
sole species of Meiogarypus has 6/2 (Beier 1955), the 
sole species of Neogarypus has 8/4 (Vachon 1937a), the 
sole species of Paragarypus has 8/3 (Vachon 1937b), 
the 28 species of Synsphyronus have 8/3, 8/2, 8/1, 7/2 or 
7/1 (Harvey 1987), and the majority of the eight species 
of Thaumastogarypus have 8/4 (e.g. Beier 1947, 1955, 
1958, 1964) with the exception of T. mancus Mahnert, 
1982 which has 7/3 (Mahnert 1982). The labile nature 


of adult trichobothrial numbers between synsphyronine 
species is obviously well-entrenched, and the addition 
of new species of Synsphyronus with patterns of 7/1 
(S. francesae) and 6/2 ( S. ellenae) confirms and, in 
the case of S. ellenae, extends its range in this diverse 
genus. Although the 6/2 trichobothrial pattern of 
S. ellenae is the lowest thus far found in the genus 
Synsphyronus, lower numbers have been found in 
Elattogarypus cruciatus Beier, 1964 from South Africa, 
E. somalicus Mahnert, 1984 from Somalia, E. cicatrosus 
Mahnert, 2007 from the Yemeni island of Socotra, and 
Eremogarypus eximius Beier, 1973 from Namibia, each 
with 5/1 pattern (Beier 1973; Mahnert 1984, 2007). 

CONSERVATION OF GRANITE DWELLING SPECIES OF 
SYNSPHYRONUS 

Granite outcrops rise above the landscape over much 
of southern Western Australia (Withers 2001). The 
granites of the Yilgarn craton were formed 2,600 to 
2,700 million years ago, whilst other granites range 
from 2,000 to about 500-800 million years old (Withers 
2001). Pseudoscorpions of the genus Synsphyronus are 
common inhabitants of rock outcrops within Australia, 
occurring under a variety of rock types including 
granite, sandstones, schists, dolerites and limestone 
(Harvey 1987; M.S. Harvey, unpublished data). They are 
commonly encountered on granite outcrops in southern 
Western Australia, often in large aggregations, making 
them a conspicuous element of the lithocolous fauna of 
the region. Whilst some species prefer to accumulate 
under rocks which are embedded directly in soil, or with 
soil that has accumulated between two pieces of rock, 
many species prefer a ‘rock-on-rock’ position, with very 
little accumulated soil or plant debris (M.S. Harvey, 
personal observations). 

The systematic status of the granite-dwelling 
species of Synsphyronus in southwestern Australia is 
imperfectly known. Synsphyronus elegans Beier, 1954 
was described from Yorkrakine Rock, near Tammin in 
the central wheatbelt (Beier 1954; Harvey 1987) and 
has since been recorded from a few other nearby granite 
outcrops (R. Engel and M.S. Harvey, unpublished 
data). Synsphyronus leo Harvey, 1987 was described 
from specimens collected under granite slabs on Lion 
Island, situated in the Recherche Archipelago (Harvey 
1987). The widespread S. hansenii (With, 1908), 
which is found in Tasmania, Victoria and southern 
Western Australia (Harvey 1987), occurs in a variety 
of habitats, including under bark of eucalypt and 
Allocasuarina trees, in moss and grass tussocks, under 
rocks, in houses and even in the pelage of a bandicoot 
(Perameles sp.) (Beier 1954; Harvey 1987). In southern 
Western Australia S. hansenii occurs under the bark 
of eucalypt trees in the high rainfall zone near the 
south coast (Harvey 1987; M.S. Harvey, unpublished 
data). At Mt Chudalup - a large monolithic granite 
mondanock situated in the D’Entrecasteaux National 
Park - specimens of S. hansenii occur under slabs of 
granite, usually without any accumulated soil (Harvey 
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1987; M.S. Harvey, unpublished data). Specimens of 
Synsphyronus mimulus Chamberlin, 1943 have also 
been found under exfoliating granite pieces, but almost 
always in situations where they are in contact with soil. 
Indeed they are most easily found under rocks which are 
partially embedded in soil (M.S. Harvey, unpublished 
data). They demonstrate a wider habitat tolerance than 
most other species of Synsphyronus and also occur in 
leaf litter and have been found across much of southern 
Australia (Harvey 1987). Synsphyronus francesae and S. 
ellenae appear to be true lithophiles and have never been 
reported from habitats other than granite rocks. In all 
cases, they have been found in ‘rock-on-rock’ habitats, 
never under rocks that are embedded in soil. All of 
these three species have limited distributions and meet 
the criteria for short-range endemic species defined by 
Harvey (2002). 

Most populations of the new lithocolous species are 
located within conservation reserves, but they may be 
under threat through the removal of pieces of exfoliated 
granite (Main 1998b; Twidale 2001). Granite pieces are 
sometimes removed for garden or house decorations, 
and granite outcrops are frequently visited by sightseers, 
some of whom cannot resist the temptation to throw 
smaller pieces of granite as far as they can from the 
higher outcrops. At other sites where vehicular access 
is possible due to the low relief of the granite rock, the 
increasing use of off-road four-wheel drive vehicles 
is crushing exfoliated granite pieces and destroying 
any remaining habitat for the lithocolous fauna (M.S. 
Harvey, personal observations). Signs installed for 
the public by the Department of Environment and 
Conservation at Yorkrakine Rock Nature Reserve in 
Western Australia highlight the plight of the fauna of the 
granite dome and encourage visitors to minimise their 
impact when visiting the region. 
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ABSTRACT - Sixteen species of molluscs are described from the Late Eocene Merlinleigh Sandstone, 
Carnarvon Basin, Western Australia. The assemblage, a random thanatocoenose, is dominated by 
bivalves (11 species) and a cephalopod, with a few gastropod specimens. All primary shell carbonate 
— calcite or aragonite — is replaced by silica. The assemblage is distinctive in composition, resembling 
no other known from the Australian Eocene. Terrestrial plant material, all silicified, is associated with 
the marine fossils, consistent with a depositional environment of the energised sandy littoral, subject 
to river flood discharge. At a height of +280 to 300 m AHD, the formation compares closely with others 
of similar age in southwestern Australia, which also consist of a combination of marine and terrestrial 
fossil material. Faunal affinities with the southern Australian Eocene were weak; an apparent Tethyan- 
Indo-Southwest Pacific influence is present, possibly with a weak endemic element. The taxonomy of 
the nautiloid Aturia clarkei is discussed. 


KEYWORDS: new species, fossils, Tethyan-Indo-Southwest Pacific influence, silicification, Aturia. 


INTRODUCTION 

This paper continues studies by the authors (Darragh 
and Kendrick 1980, 2000, 2008) on the Eocene 
molluscan faunas of southern and western Australia, 
herein with regard to the most northerly of these, from 
the Merlinleigh Sandstone, eastern Carnarvon Basin 
(Playford et al. 1975 and references; Cockbain 1981). The 
formation is a thin (up to 15 m), transgressive, poorly 
cemented, silicified quartz sandstone with subordinate 
siltstone and conglomerate, exposed discontinuously 
between the Gascoyne and Lyndon Rivers, near the 
northern margin of the Yilgarn Block (Johnstone et 
al. 1973), with the most productive outcrops located in 
and adjacent to the Kennedy Range. At the type section 
(24°18'50"S, 115°HT0"E), located at a mesa 1.6 km ESE 
of the abandoned Merlinleigh Station homestead, the 
formation is 9.1 m thick. The formation unconformably 
overlies Permian units and is overlain in turn by either 
Tertiary laterite or by a conspicuous aeolian dune field of 
possible Quaternary age. 

Fossil material, invariably silicified, occurs mainly 
as surface float on and below erosion scarps and 
comprises, at present knowledge, foraminifers, colonial 
corals, bryozoans, hydrozoans, molluscs, fossil wood 


(some teredine-bored) and other terrestrial plant 
remains, likewise silicified (Teichert 1944; Pulley 1959; 
Brunnschweiler 1962; Cockbain 1981; McNamara 
and Scott 1983; Haig and Mory 2003). Other than the 
nautiloid Aturia clarkei Teichert, 1944, molluscs from 
the Merlinleigh Sandstone have thus far remained 
undescribed, notwithstanding their ready collection and 
often excellent preservation. However, the gastropods 
and nautiloids, in particular, have undergone moderate 
to severe mechanical abrasion and transportation. All 
bivalves of whatever facies (teredines excepted) are 
known only from single, disarticulated valves. As a 
whole, the material forms a randomly disassociated 
death assemblage. 

This assemblage of molluscs and that from the 
Kalbarri area sandstone differ from the other known 
Late Eocene faunas of Australia, as none of the others 
represents a shallow water fauna inhabiting a sandy 
substrate (Darragh and Kendrick 2008). Somewhat 
similar types of facies are known in the late Tertiary. 

MATERIAL 

The study material has been drawn from the 
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palaeontological collections of the Western Australian 
Museum (WAM), Museum Victoria (NMV) and the E. 
de C. Clarke Earth Sciences Museum, The University 
of Western Australia (UWA). The registration numbers 
of Western Australian Museum animal fossil specimens 
accessed before June 1959 bear the prefix G and 
subsequently are prefixed by the last two digits of the 
current year of registration; those of plant specimens are 
prefixed by P and the last two digits of the current year 
of registration. 

Most of this material represents five collection events, 
all from Western Australia, as follows: 

1. Collection of C. Teichert. From east side of Kennedy 
Range, 1.3 miles (2.1 km) north of Merlinleigh 
homestead, Carnarvon Basin, W.A. 

UWA 21406 - holotype of Aturia clarkei Teichert, 
1944 

UWA 21407a-e - paratypes of A. clarkei. Paratypes 
UWA 21407a & b missing, November 2008 

2. Collection of R. Savage and W.D.L. Ride, 5-7.ix.1967. 
Merlinleigh Station, from and adjacent to type section 
of Merlinleigh Sandstone. 

Map ref. Kennedy Range 312973. WAM 69.274- 
69.290. 

3. Collections by the present authors: 

i. 10.iv.1969. Lyndon Station, three miles (c. 5 km) 
WNW from Ebra Well, surface float. Map ref. 
Winning Pool 289063. WAM 70.1693, 70.1694. 

ii. 13.iv.1969. Surface float on sides of mesa 1.6 km 
ESE from Merlinleigh Station homestead (= type 
section of Merlinleigh Sandstone). Map ref. Mount 
Sandiman LU 175087. WAM 70.1665-70.1677. 
NMV P314122-314134, P31429-314297, 314894- 
314896. 

iii. 13.iv.1969. Surface float on side of mesa c. 200m 
N of type section of Merlinleigh Sandstone. WAM 
70.1678-70.1692. 

4. Collections by the present authors with K.J. 
McNamara, 31.viii-l.ix.1979. 

i. Side of breakaway 1.5 km E of old Merlinleigh 
station homestead; 200 m N of type section 
mesa, Merlinleigh Sandstone. Map ref. Mount 
Sandiman LU 175087. WAM 79.2856-79.2887. 
P.79.46-P.79.50. NMV P314290-314293, 314306, 
315059. 

ii. Merlinleigh Station. Side of escarpment 0.8 km N 
from type section mesa, Merlinleigh Sandstone. 
Map ref. Kennedy Range 312975. WAM 79.2889- 
79.2891. P.79.42, P.79.43. The type locality for 
Banksia archaeocarpa McNamara and Scott, 
1983. 

iii. Merlinleigh Station. Side of escarpment 
immediately S of track 1.5 km NNE of old 
Merlinleigh homestead. Map ref. Kennedy Range 


312977. WAM 79.2892-79.2898. P.79.51. P314294- 
314297. 

iv. Mt Sandiman Station. Small mesa 2 km SE of 
type section of Merlinleigh Sandstone. Site is close 
to boundary with Merlinleigh Station. Map ref. 
Kennedy Range 314974. WAM 79.2902. P.79.53. 
P315054. 

v. Mt Sandiman Station. Hill 1 km and 120° from 
type section mesa of Merlinleigh Sandstone. Float 
on northern hill slopes. Map ref. Kennedy Range 
313974. WAM 79.2899, 79.2900. P79.52. 

5. Collections by present authors with K. Ayyasami 
(Geological Survey of India), 8,9.ix.l996. 

i. Eroded lower slope of mesa 1.6 km ESE of old 
Merlinleigh homestead. Map ref. Mt Sandiman 
(1:100,000 sheet) LU 176087. WAM 97.1-97.8, 
P.97.1-P.97.6. NMV P314112-314121, P315512. 

ii. Erosion slope 1.5 km NNE of old Merlinleigh 
homestead; between 0.4 km and 0.1 km N of 
pass. Map ref. Mt Sandiman (1:100,000 sheet) LU 
165111. WAM 97.9-97.12, P.97.7. NMV P314294-7. 

iii. Other records, some, possibly all, of which may be 
manuports. 

6. Two fragments of an Aturia shell from an Aboriginal 
campsite on Eudamullah Station, said to have been 
bought there from Merlinleigh. Presented by A. Snell 
and accessed 14.ii.1942. WAM G16008. 

7. Four shell fragments of Aturia from ‘surface of valley 
containing Bangemall goldmine’. Presented by M. 
Greening and accessed October 1966. WAM 66.1008- 
66.1011. 

8. Two shell fragments of Aturia found on Moogooree 
Station by Mrs F.S. Dodds. Accessed 9.xii.l977. WAM 
78.641-2. 

9. Part of an Aturia shell retaining a remnant of its 
outer layer, found by J. Glass in the Kennedy Range. 
Presented via the Geraldton Regional Museum and 
accessed 24.viii.1988. WAM 88.849. 

AGE AND CORRELATION 

A Miocene age for the Merlinleigh Sandstone was 
initially proposed by Teichert (1944), after Chapman 
and Crespin (1934), from the shared presence of the 
nautiloid Aturia clarkei Teichert with the Pallinup 
Formation (= Plantagenet Beds) of the Bremer Basin, 
which with the Kennedy Range Tertiary strata were 
subsequently correlated by Glaessner (1955) with the 
Late Eocene Tortachilla Limestone and Blanche Point 
Formation of the St Vincent Basin. From a study of the 
fibulariid echinoids, Brunnschweiler (1962) favoured 
an Eocene (‘Late Cuisian or Lutetian’) age for the 
formation. Further, from the presence of foraminifers 
Maslinella chapmani Glaessner and Wade, Operculina 
sp., Crespinina kingscotensis Wade and Rotalia sp., 


EOCENE MOLLUSCS FROM THE MERLINLEIGH SANDSTONE 


25 


TABLE 1 All molluscan taxa known from the Merlinleigh Sandstone, listed in taxonomic order together with the total 
numbers of each examined. 


BIVALVIA 

Total specimens 

Cucullaea sp. cf. C. adelaidensis Tate, 1886 

2 

Glycymeris sp. cf. G. cainozoica (Tenison Woods, 1877) 

99 

Spondylus sp.cf. S. gaderopoides McCoy, 1876 

2 

Pcctinid, genus and species undetermined 

1 frag. 

“Ostrea sp. 

1 

Chama sp. 

23 

Miltha sp. 

2 frags 

Venericardia capricornia sp. nov. 

61 

Periglypta weegeeree sp. nov. 

4 

Dosinia (Kereia) numerosissima sp. nov. 

121 

Teredinid, genus and species undetermined 

10 

GASTROPODA 


Tugali? sp. 

5 

Turbo (Euninella) sp. cf. T. (E.) hamiltonensis Harris, 1897 

3 

Vasum sp. 

1 

Zelandiella? sp. 

1 

CEPHALOPODA 


Aturia clarkei Teichert, 1944 

78 


Cockbain (1981) confirmed a Late Eocene age for the 
Merlinleigh Sandstone, correlated in part with the Late 
Eocene Giralia Calcarenite of the Carnarvon Basin, the 
latter deposited under ‘open ocean conditions’. 

The nearshore features of the Merlinleigh Sandstone 
are matched by others of similar age and elevation 
in southwest Australia, as has been noted by 
Johnstone et al. (1973). An example of this, hitherto 
unreported, has been recognized in an exposure 
of the Plantagenet Group located on a low divide 
between the Gordon and Pallinup Rivers, 13 km 
ENE of Tambellup (34°02'S, 117°38'E). Lithologies 
present include (a) a dark brown, conglomeratic, 
coarse-grained sandstone with impressions of marine 
bivalves and (b) a pallid, fine-grained spongolite 
with impressions of terrestrial vegetation (WAM 
records). Contour maps of the area (Martinup SW 
1:25,000 series) show that the site lies at or very close to 
+300 m AHD. 

DEPOSITIONAL ENVIRONMENT 

Plant debris in the Merlinleigh Sandstone includes 
araucarian cones, proteaceous leaves, wood, a Banksia 
fructescence and other material (McLoughlin and Hill 
1996). This, in close association with an assortment of 
marine fossils dominated by disarticulated bivalves from 
a shallow sandy infaunal habitat, indicates a depositional 
environment featuring ‘local rivers in flood, depositing 


the poorly sorted sands and the plant material close 
to a marine sand bar’ (McNamara and Scott 1983: pp. 
186-187). The presence of rare very worn and damaged 
specimens of a turbinid gastropod and limpet are 
indications of transport of specimens from some distant 
rocky or hard ground habitat. The Aturia specimens 
suggest strandings on a shallow beach exposed to the 
open ocean; the extensive damage to almost all the 
specimens, particularly to the body chamber, suggests 
some kind of predation at sea involving large fish or 
cetaceans. 

SYSTEMATIC PALAEONTOLOGY 
Class Bivalvia Linneaus, 1758 
Family Cucullaeidae Stewart, 1930 
Genus Cucullaea Lamarck, 1801 
Cucullaea sp. cf. C. adelaidensis Tate, 1886 
Figures 1G, H, K 

cf. Cucullaea adelaidensis Tate, 1886: 144, plate 11, 
figures 14a, b. 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. 
WAM 97.1, one LV. WAM 97.9, one RV. NMV P314302, 
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marginal fragment of LV. NMV P314113, fragment of 
LV. Total of one LV, one RV and fragments. 

DESCRIPTION 

Valves of about normal size for genus, possibly 
less than fully mature; robust, obliquely trapezoidal, 
inflated, longer than high; umbones prominent, strongly 
incurved, orthogyrous; LV apparently more inflated 
and with a more elevated, prominent umbo than RV. 
Lateral teeth parallel to dorsal margin, not descending; 
ventral margin of LV strongly internally crenulate, 
RV apparently less so. Sculpture finely, closely radiate 
with subordinate commarginals, that appear to be finer 
on LV. Myophoric flange present (LV); adductor scars 
commarginally ridged; ligament with two grooves. 

DIMENSIONS 

Length Height Inflation 
WAM 97.1 LV 43.2 37.5 16.3 

WAM 97.9 RV 44.4 35.8 14.4 

REMARKS 

The limited available material, consisting of single left 
and right valves representing different individuals, is, in 
general features (size, sculpture etc), similar to Cucullaea 
adelaidensis Tate (type series illustrated by Singleton 
1932: 304, plate 26, figures 21-24; Ludbrook 1965:102, 
plate 4, figures 11-15) from ‘glauconitic sands, Adelaide 
[= Kent Town] bore’, now assigned to the Blanche Point 
Formation. Tate’s species is also recorded from the Late 
Eocene Upper Browns Creek Clay of Victoria (Darragh 
1985:111). Decalcified moulds of a species of Cucullaea 
(WAM 89.312, WAM 89.313) resembling C. adelaidensis 
and the present species are known from the Pallinup 
Formation near Mount Barker, Western Australia. 

Small discrepancies in shell proportions and some other 
features are noted in the study material from Merlinleigh. 
Their significance, if any, remains to be clarified. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Glycymerididae Newton, 1916 

Genus Glycymeris da Costa, 1778 

Glycymeris sp. cf. G. cainozoica (Tenison 
Woods, 1877) 

Figures IB, C 

cf. Cucullaea cainoizoica Tenison Woods, 1877: 111. 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. 
WAM 69.281 (4 valves), 70.1667 (1), 70.1668 (9), 70.1684 
(1), 79.2856 (4), 79.2893 (8), 97.2 (5), 97.10 (2); NMV 
P314115 (7), P314131 (4), P314292 (21), P314294 (9), 
P314298 (14). Total of 99 single valves. 


DESCRIPTION 

Of medium size for genus, subcircular, slightly longer 
than high; umbo orthogyrous, moderately inflated, beak 
small, slightly elevated, a little anterior of centre, margin 
rounded anteriorly, subangulate and slightly extended 
posteriorly. Ligamental area narrow, with 4-14 insertion 
grooves, the anterior series being the greater. Hinge with 
two prominent, subhorizontal series with the posterior 
the larger, median teeth very fine. Hinge encroached 
upon by expansion of ligamental area. Internal margin 
strongly crenulate from anterior to posterior extremities. 
Anterior adductor scar subcircular, bordered by a 
groove; posterior adductor scar D-shaped, bordered 
by low myophoral flange; both scars commarginally 
ridged. External sculpture of numerous very fine 
radial costellae, arranged in groups of six and seven, 
the groups offset by slightly deeper, wider grooves; 
weak intercostal, commarginal striae visible on some 
specimens. 


DIMENSIONS 



Length 

Height 

Inflation 

WAM 70.1667 RV 

26.9 

25.3 

8.9 

WAM 70.1668 LV 

34.0 

33.7 

13.5 

WAM 79.2856 RV 

28.6 

26.3 

8.2 


REMARKS 

The study material, which provides the earliest 
record for the genus from Western Australia, has 
some resemblance to Glycymeris cainozoica (Tenison 
Woods, 1877) from the Early Miocene Freestone Cove 
Sandstone of Table Cape, near Wynyard, northern 
Tasmania and which has been recorded from the Late 
Eocene to Middle Miocene (Chapman and Singleton 
1925: 20-22 plate 1, figures 1-4, plate 4, figures 1-3; 
Ludbrook 1965: 87; Ludbrook 1967: 65, plate 1, figures 
7-12) of southeastern Australia. 

The sculpture of Merlinleigh specimens is very 
similar to that of topotypes of Tenison Woods’ 
species but these latter seem to have more teeth than 
do specimens of equal size in the present material; 
Merlinleigh specimens are very slightly trigonal in 
shape and are more produced on the posterior flank, 
compared with specimens (including topotypes) of G. 
cainozoica from southeastern Australia, which are more 
roundly equilateral in outline. 

Though not uncommon on weathered outcrops 
around Merlinleigh, the present species is known only 
from single valves, often broken and/or much abraded. 
Comparison of a size-range of well-preserved specimens 
from Merlinleigh would clarify relations with the Tenison 
Woods species, which are for the present deferred. 

The spelling of the specific name by Tenison Woods 
as cainoizoica has been assumed to be a printing error 
for cainozoica by all subsequent authors and in terms of 
Article 33.3.1 of the International Code of Zoological 
Nomenclature (Fourth edition) the latter spelling is 
maintained. 
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FIGURE 1 A, E, F, I, Chama sp.: A, E, WAM 97.3 (x 0.9); F, I, WAM 97.3 (x 0.8); B,C, Glycymeris sp. cf. G. cainozoica 
(Tenison Woods, 1877): B, C, WAM 70.1667 (x 1.3); D, M, Spondylus sp. cf. S. gaderopoides McCoy, 
1876: D, NMV P314116 (x 0.9); M, WAM 69.282 (x 0.8); G, H, K, Cucullaea sp. cf. C. adelaidensis Tate, 
1886: G, H, WAM 97.1 (x 1.1); K, WAM 97.9 (x 1.1); J, L, Miltha sp.: J, L, NMV P314122 (x 1.0); N, O, 
Pectinid, genus and species undetermined: N, 0, NMV P314298 N (x 1.3), 0 (x 3.4). 


28 


T.A. DARRAGH AND G.W. KENDRICK 


OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Spondylidae Gray, 1826 
Genus Spondylus Linnaeus, 1758 
Spondylus sp. cf. S. gaderopoides McCoy, 1876 

Figures ID, M 

cf. Spondylus gaderopoides McCoy, 1876: 27, plate 38, 
figures la-d. 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. WAM 
69.282 LV. NMV P314116 LV. Total of two specimens. 

DESCRIPTION 

The specimens to hand are of small size both for the 
genus and for McCoy’s species. LV irregularly convex, 
rounded anteriorly and extended posteriorly; beak small, 
projecting slightly above short and weakly alate dorsal 
margin. Externally (LV) there are ten larger radial costae, 
bearing prominent, erect scales; the intercostal spaces 
have five to seven finer costellae and are crossed by 
coarse, commarginal growth lines. Ligament is internal, 
in a deep, elongate resilifer, on each side bounded 
by isodont crura; where preserved, internal margin 
moderately crenulate; adductor scar obscured. 

DIMENSIONS 

Length Height Inflation 

WAM 69.282 LV c. 54 63 (est.) 

NMV P314116 LV 52.6 48 15 (est.) 

REMARKS 

Since its description by McCoy (1876) from the 
Oligocene of Bird Rock Bluff, Torquay (Otway 
Basin), S. gaderopoides has been recorded from 
numerous Middle Eocene to Middle Miocene sources 
across southern Australia (Tate 1886:121; 1899:275; 
Lowry 1970: 66, 107, figures 20, 27E, 28; S. sp. cf. S. 
gaderopoides McCoy, Darragh and Kendrick, 1980: 15, 
figure 4 A, B). Specimens with sculpture very similar to 
that of specimen NMV P314116 (Figure ID) occur in the 
Middle-Upper Tortachilla Limestone of the St Vincent 
Basin (NMV collection) and, further west, the species 
occurs in the Wilson Bluff and Abrakurrie Limestones 
and the Colville Sandstone of the Eucla Basin. Small 
specimens attributable to this variable species occur in 
the Eocene Pallinup Formation and Nanarup Limestone 
of the Bremer Basin (Darragh and Kendrick 1980 and 
WAM collection). The present specimens extend these 
confirmed or provisional records northward into the 
Carnarvon Basin. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 


Family Pectinidae Rafinesque, 1815 
Genus and species undetermined 

Figures 1N, O 
MATERIAL EXAMINED 

Australia: Western Australia : Kennedy Range. NMV 
P314298, fragmentary single valve. 

DESCRIPTION 

Little remains of the specimen beyond the internal 
surface extending to the ventral margin and to either the 
anterior or posterior margin of a medium sized pectinid. 
The valve is rather flat with numerous simple, wide 
radial costae, about as wide as the interspaces. Two very 
small, visible areas of the external surface show simple 
radial costae. 

DIMENSIONS 

The specimen has a length of 43 mm. Estimated 
original length c. 48 mm. 

REMARKS 

The simple style of ribbing, so far as can be observed, 
resembles that of the LV of the flindersi form of 
Talochlamys eyrei (Tate, 1886), a widespread species 
across southern Australia from Aldingan to Longfordian 
(Beu and Darragh 2000: 101-106, Figures 31B, C, E, G, 
I; 32G; 33A-E; 34A-G). The identity of this, the sole 
known pectinid from the Merlinleigh Sandstone, awaits 
the collection of further, better preserved material. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Ostreidae Rafinesque, 1815 
'Ostrea' sp. 

Figures 2F, J, L 
MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. NMV 
P314124. 1 LV. 

DESCRIPTION 

A single, small, ostreiform LV, partly overlain on 
inner and outer surfaces by silicified sandstone. The 
valve is worn, higher than wide and showing evidence 
of an elongate, partly infilled attachment area. The 
resilifer is shallow and triangular; catachomata present 
on anterior dorsal margin. 

DIMENSIONS 

Length Height Inflation 
NMV P314124 25 (est.) 33 12 (est.) 
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REMARKS 

The specimen is poorly preserved and reliable 
identification even to generic rank is questionable. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Chamidae Lamarck, 1809 
Genus Chama Linnaeus, 1758 
Chama sp. 

Figures 1A, E, F, I 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. 
WAM 70.1686 (3 specimens), 79.2858 (1), 97.3 (2), 97.4 
(5). NMV P314126 (5), P314174 (4), P314301 (3). Total of 
23 specimens. 

DESCRIPTION 

Up to normal size for genus, thick and robust, mostly 
somewhat abraded, irregular in shape, subcircular to 
dorsoventrally elongate in outline, inequivalve, LV 
the larger, internally concave with small umbonal 
attachment area; valves weakly coiled with prosogyrous 
umbones, bordered on posterior flanks by shallow 
radial depressions. Sculpture foliaceous, of irregular 
strength and spacing, on which a weak, close, radial 
microsculpture is occasionally visible. Hinge of LV 
with large, horizontal, blade-like, weakly serrate tooth; 
RV with weak corresponding socket; ligamental area of 
LV arched. Anterior adductor scar of RV very elongate, 
much higher than wide; posterior adductor scar of 
RV wider and shorter than anterior scar, D-shaped. 
Adductor scars in LV matching in size and shape. 

DIMENSIONS 

Length Height Inflation 
WAM 97.3a RV 38.5 49.3 19.5 

WAM 97.3b LV 36.3 49.4 19.0 

REMARKS 

Chama lamellifera Tenison Woods, 1877, originally 
described from the Early Miocene of Table Cape, 
Tasmania, ranges from Late Eocene to Bairnsdalian and 
is smaller and much more thinly shelled than the study 
material, with a finer commarginal and radial sculpture. 
It appears to be confined to the Otway and St Vincent 
Basins (Ludbrook 1955: 46; Darragh 1985: 111). 

In its robust form and shape the Merlinleigh species has 
some resemblance to Chama ruderalis Lamarck, 1819 
(Recent Australia and Late Miocene to Pleistocene New 
Zealand (Beu 2006: 217, figure 16), and to C. subgigas 
d’Orbigny, 1850, Lutetian, Paris Basin. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 


Family Lucinidae Fleming, 1828 
Genus Miltha H. and A. Adams, 1857 
Miltha sp. 

Figures 1J, L, 3E 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. NMV 
P314122. Two fragmentary RVs. 

DESCRIPTION 

Small for genus, subcircular, a little shortened (also 
broken) anteriorly; umbo prosogyrous, beak short, 
directed anteriorly; margin convexly rounded behind 
beak, slightly concave immediately anterior to beak. 
Sculpture of fine, regular, closely-set commarginal 
costae, with a prominent radial groove extending from 
beak to posterior margin of disc. Ligament recessed, set 
upon a broad hinge plate; cardinals two, bifid. Anterior 
adductor scar elongate (20 x 5 mm), close to pallial line; 
posterior adductor scar ovate (11 x 7 mm). Pallial line 
entire, strongly defined; internal margin, where retained, 
smooth. 

DIMENSIONS 

Length Height Inflation 

NMV P314122 RV 39.3 37.3 7.3 

REMARKS 

Australian records of the genus Miltha have been 
confined hitherto to the Miocene and Pliocene of 
the Eucla, St Vincent, Otway and Gippsland Basins 
(Ludbrook 1969; Beu and Darragh 2001). The present 
material extends the geographic and stratigraphic ranges 
of the genus to the Late Eocene of the Carnarvon Basin. 

We here report the recognition of specimens of a 
species of Miltha from the Pliocene-Pleistocene ‘Older’ 
Ascot Lormation of the Perth Basin (Playford et al. 
1975; Kendrick et al. 1991). Being entirely subsurface, 
all material from the formation has been acquired by 
percussion drilling and sludge pump extraction from 
water bores and in the case of Miltha specimens, is 
fragmentary. The best specimens (WAM 94.1029, 
98.507, 00.354), of undoubted generic provenance, are 
from bores in the West Gingin district, c. 70 km N 
of Perth. Other relevant localities are Canning Vale, 
Pinjar and Thornlie, all located in the eastern part of the 
metropolitan Perth Basin. Specific determination of this 
Ascot Formation material is deferred. It appears to be 
distinct from M. hamptonensis Ludbrook from the Roe 
Calcarenite. 

In New Zealand, Miltha is recorded from the Early 
Paleocene (Wangaloan) to Late Pliocene (Waipipian) 
(Beu and Maxwell 1990). 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 



FIGURE 2 A, B, C, D, Venericardia capricornia sp. nov.: A, C, WAM 79.2857b (x 2.1) paratype; B, D, WAM 78.2857a 
(x 2.1) holotype; E, G, H, I, Dosinia (Kereia) numerosissima sp. nov.: E, I, WAM 97.6d (x 1.2) paratype; G, 
H, WAM 97.6a (x 1.2) holotype; F, J, L, 'Ostrea' sp.: F, J, L, NMV P314124, F (x 1.2), J, L (x 1.2); K, M, N, 
Periglypta weegeeree sp. nov.: K, M, WAM 79.2860b (x 0.8) holotype; N, WAM 79.2889 (x 0.8) paratype. 
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Family Carditidae Fleming, 1828 
Genus Venericardia Lamarck, 1801 
Venericardia capricornia sp. nov. 

Figures 2A-D, 3C, D 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : WAM 79.2857a 
LV, from Kennedy Range. 1.5 km E of abandoned 
Merlinleigh homestead (type section of Merlinleigh 
Sandstone). Mount Sandiman LU 175087. 

Paratypes 

WAM 79.2857b-f 2LVs 3RVs. NMV P315512 RV. 

Other material 

WAM 70.1669 (2 specimens), 70.1685 (6), 97.4 (5), 
NMV P314112 (6), P314128 (9), P314293 (11), P314296 
(3), P314305 (11). Total of 61 single valves. 

DESCRIPTION 

Up to medium size for genus, usually (present 
material) less so, robust, roundly subquadrate in outline, 
slightly higher than long; umbones prosogyrous, beaks 
incurved; with 22-26 strong, sharp, radial costae, which 
expand relative to the interspaces with growth; radials 
crossed by commarginal growth striae, producing weak 
scales. Ligament submarginal, narrow; lunule small, 
deeply set. Anterior adductor scar narrow, elongate, 
exceeding in length the posterior scar, which is ovate in 
profile. Pallial line between scars prominent. Internal 
margins strongly crenulate, corresponding to the costal 
interspaces. 

Hinge with cardinals only, three in each valve; LV with 
long, thin posterior tooth with narrow groove along crest, 
a small triangular central tooth and a weak or obsolete 
anterior cardinal; RV with reduced, triangular cardinal, 
prominent, strong, elongate, triangular central cardinal 
and a long, thin, posterior cardinal. Laterals obsolete. 

DIMENSIONS 


Length Height Inflation Costae 


WAM 79.2857a LV, holotype 

17.5 

18.0 

6.7 

25 

WAM 79.2857b RV, paratype 

16.1 

16.1 

6.4 

24 

WAM 79.2857c LV, paratype 

16.9 

18.5 

7.1 

22 

WAM 79.2857d LV, paratype 

17.7 

17.1 

6.3 

21+ 

WAM 79.2857e RV, paratype 

17.3 

17.5 

7.1 

22 

WAM 79.2857f RV, paratype 

17.0 

17.9 

7.0 

22 

NMV P315512 RV, paratype 

33.3 

31.2 

11.6 

26 


REMARKS 

The species lacks any known congener in the 
Australasian Tertiary and its affinities would appear to 
lie in all probability with the carditids of the tropical 
— Tethyan Paleogene, such as Venericardia imbricata 
(Gmelin), the type species of the genus, from the 
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Lutetian of the Paris Basin. The hinge of the present 
species is very similar to that of V. imbricata. 

The genus Venericardia has been utilized in the past 
to accommodate small carditids from the Tertiary of 
southern Australia and New Zealand, such as ‘Cardita’ 
latissima Tate (Darragh and Kendrick 1980, 2000 
for synonymy). This and other such taxa, which have 
much more prosogyrous umbones and more prominent 
spines and scales, seem better located generically as 
Glyptoactis (Fasciculicardia) (Darragh and Kendrick 
2008: 226). 

The specific name recognizes the proximity of the 
Kennedy Range to the Tropic of Capricorn. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Veneridae Rafinesque, 1815 
Genus Periglypta Jukes-Brown, 1914 
Periglypta weegeeree sp. nov. 

Figures 2K, M-N, 3F, G 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : WAM 79.2860b LV, 
from Kennedy Range, Western Australia. West side of 
erosion scarp 1.5 km E of old Merlinleigh homestead 
and c. 200m N of type section of Merlinleigh Sandstone. 
Map ref. Kennedy Range 312974. 

Paratypes 

WAM 79.2860a RV; 79.2889 RV. 

Other material 

WAM 70.672, fragmentary LV; 70.1688, RV. NMV 
P314123, 3 fragments; P314120, 1 fragment; P314304, 
1 fragment. Total of 4 single valves and 6 (single) 
fragments. 

DESCRIPTION 

Up to normal size for genus, robust, roundly 
subquadrate, longer than high, strongly prosogyrous, 
beak incurved; lunule shallow, defined by an incised 
border; escutcheon more evident on LV where there is 
a distinct radial groove; sculpture of prominent, close, 
commarginal lamellae, slightly recurved dorsally and 
crenulated by numerous, fine, close-set radial costellae; 
internal margin of valves smooth. Pallial sinus wide, 
rounded. Adductor scars ovate, higher than long. 

DIMENSIONS 

Length Height Inflation 


WAM 79.2860b LV holotype 

62.5 

52.0 

19.2 

WAM 79.2860a RV paratype 

55.5 

50.0 

18.0 

WAM 79.2889 RV paratype 

63.0 

54.5 

19.5 
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FIGURE 3 A, B, Dosinia (Kereia) numerosissima, sp. nov.: A, WAM 97.6a (x 2.7) holotype; B, WAM 97.6b (x 2.7) 
paratype; C, D, Venericardia capricornia sp. nov.: C, WAM 79.2857a (x 3.6) holotype; D, WAM 79.2857b 
(x 3.6) paratype; E, Miltha sp.: E, NMV P314122 (x 2.3); F, G, Periglypta weegeeree, sp. nov.: F, WAM 
79.2860b (x 1.8) holotype; G, WAM 79.2889 (x 1.8) paratype. 


REMARKS 

This is the first record for the genus in the Tertiary 
of Australia, though species are not uncommon in the 
living fauna of northern Australia. Records of fossil 
species are not common, so the stratigraphic distribution 
of the genus is poorly known. Periglypta miocenica 
(Michelotti, 1847) recorded from the Early to Middle 
Miocene of Europe and North Africa (Freneix et al. 1987 
and references therein) may be the oldest occurrence 
for the genus hitherto. The present species is slightly 
more elongate and less subquadrate in comparison with 
the extant Periglypta puerpera (Linnaeus, 1771) from 
tropical waters in northern Australia. 

A related and superficially similar genus, Proxichione 
Iredale, 1929, occurs in the Tertiary of southern 
Australia from the Late Oligocene to Recent (Darragh 
2010). Species of Proxichione have a large, angular, 
pallial sinus and lack the prominent groove present on 
the escutcheon of species of Periglypta. 

The species name is derived from an expression of the 
Yamatji (indigenous) language of the district of origin, 
which may be translated as ‘weegeeree’ or Tong time 
ago’. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Genus Dosinia Scopoli, 1777 


Subgenus Kereia Marwick, 1927 
Dosinia (Kereia) numerosissima sp. nov. 

Figures 2E, G-l, 3A, B 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : WAM 97.6a, LV, from 
Kennedy Range, W.A. Eroded lower slope of mesa 1.6 
km ESE of site of abandoned Merlinleigh homestead 
(type section of Merlinleigh Sandstone). Mount 
Sandiman LU 176087. Collected K. Ayyasami and G.W. 
Kendrick, 8.ix.l996. 

Paratypes 

WAM 97.6 b-1, 5LVs, 6RVs; P315513 LV, P31554 RV. 
From the type locality. 

Other material 

WAM 69.285 (2), 70.1670 (2), 70.1671 (see Remarks), 
70.1687 (5), 79.2861 (4 + fragments), 97.7 (1), 97.11 (1). 
NMV P314114 (27), P314132 (17), P314307 (9), P314134 
(26), P314295 (5), P314295 (5), P314290 (1). Total of 121 
single valves. 

DESCRIPTION 

Up to median size for genus and subgenus, 
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FIGURE 4 A, B, C, D, Teredinid genus and species undetermined: A, WAM P79.51b (x 0.9); B, WAM P79.51a (x 0.8); 
C, WAM P69.6c (x 1.3); D, NMV P315054 (x 0.6). 
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subcircular, about as high as long, with pronounced, 
somewhat inflated (with growth), prosogyrous umbones 
and incurved beaks; lunule small, recessed; escutcheon 
wide, occupying most of dorsal margin. Sculpture of 
numerous well developed, thin, commarginal lamellae, 
increasing in height with growth. Hinge plate short, 
robust, ligament sunken, occupying most of hinge 
plate. Hinge of LV with short All, narrow 2a, robust 2b 
and extended, narrow 4b; RV with short Al, short 
narrow 3a, robust 1 and bifid 3b. Pallial sinus small, 
often obscured by sediment. Internal margin smooth. 

DIMENSIONS 

Length Height Inflation 


WAM 97.6a LV, holotype 

33.3 

32.9 

10.6 

WAM 97.6d RV, paratype 

30.2 

29.4 

9.4 

WAM 97.6f RV, paratype 

32.9 

32.6 

9.6 

WAM 97.6g LV, paratype 

28.5 

28.2 

9.3 

WAM 97.6k RV, paratype 

35.5 

35.7 

11.2 

NMV P315513 LV, paratype 

31.3 

29.3 

9.0 

NMV P315514 RV, paratype 

34.5 

34.2 

10.5 


REMARKS 

The genus and subgenus are known from most of 
the southern Australian Tertiary strata, beginning with 
Dosinia (Kereia) imparistriata Tate, 1887 from the Late 
Eocene of South Australia (Tate 1887: 162, plate 14, figure 
11). The sculpture of Tate’s species features irregularly 
spaced, incised lines, not the regularly spaced lamellae 
of the Merlinleigh species, and the two taxa appear to be 
specifically distinct. Compared with D. (K.) densilineata 
Pritchard, 1896 from the Late Oligocene — Early Miocene 
of Victoria and Tasmania, Dosinia (Kereia) numerosissima 
sp. nov. is higher than long and less prosogyrous; the hinge 
is higher and more triangular and the sculpture, though 
similar, is a little coarser. The hinge of the Merlinleigh 
species is very similar to that of D. (K.) johnstoni Tate, 
1887 from the Late Miocene-Early Pliocene of Victoria but 
the former has a coarser sculpture and more robust shell. 

No congener of the present species is as yet known from 
the Middle/Late Eocene of the Bremer and Eucla Basins. 

The entire sample of the present species comprises single 
valves, attesting to substantial post-mortem reworking 
of what was very probably an infaunal sediment dweller. 
A single exception to this circumstance is revealed by 
specimen WAM 70.1671, from the type section of the 
formation, comprising part of the conch of an Aturia 
measuring about 12 x 6 x 4 cm, the sedimentary infilling 
of which contains abundant, juvenile, paired valves of 
this venerid species, all evidently representing a single 
generational cohort. A randomly chosen specimen from 
these juveniles measured 4.8 x 4.6 x 2.2 mm . 

The study material shows very limited evidence of 
predation: WAM 97.7, a fragmentary LV, shows a bevelled 
naticiform borehole on the umbo. Paratype 97.6b shows 
a small unsuccessful non-naticiform borehole, likewise 
located on the umbo. 


The specific name refers to be abundance of the species 
in the study material. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Teredinidae Rafinesque, 1815 
Teredinid, genus and species undetermined 

Figures 4A-D 

MATERIAL EXAMINED 

Australia: Western Australia : Kennedy Range. 
WAM G10023 (2 specimens), P.69.6 (2), 70.1677 (1), 
P79.51 (2), P.97.6 (1); NMV P315054 (2). Total of 10 
pieces of fossil wood with probable teredine tube 
infillings. 

DESCRIPTION 

See Remarks. 

REMARKS 

Fossil wood and diverse other remains of terrestrial 
vegetation (McNamara and Scott 1983) occur not 
infrequently in weathered residues from the Merlinleigh 
Sandstone, on and below erosion slopes of the Kennedy 
Range. Occasional specimens of such wood feature 
boreholes of teredine form, sometimes in abundance, 
subcircular in cross-section and infilled with silica and 
with borehole diameters ranging from about 1 to 13 mm. 
The smaller tubes (c. 2 mm) usually retain longitudinal 
septa but, in the study material, appear to lack other 
diagnostic features. Thus the holes and their siliceous 
infilling cannot be assigned to any taxon beyond the 
familial level. 

DISTRIBUTION 

Merlinleigh Sandstone. Late Eocene. 

Class Gastropoda Cuvier, 1797 
Family Fissurellidae Fleming, 1822 
Genus Tugali Gray in Dieffenbach, 1843 
Tugali? sp. 

Figures 5G-I 

MATERIAL EXAMINED 

Australia: Western Australia: Kennedy Range. 
WAM 70.1689 (1 specimen); NMV P314118 (1), P314125 
(2 + fragment). Total of four shells and fragment. 

DESCRIPTION 

Shell patelliform, oval, longer than wide; apex 
moderately raised, cap-like, at one-third of length from 
posterior margin; sculpture of 57-65 strong radial 
costae, about as wide as interspaces and crossed by 
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irregular growth ridges; margin smooth. Muscle scar 
usually conspicuous, horse-shoe shaped and opening 
anteriorly. 

DIMENSIONS 



Length 

Width 

Height 

Ribs 

WAM 70.1689 

31.9 

23.0 

10.8 

57 

NMV P314125 

30.4 

25.2 

11.1 

45 

NMV P314118 

34.1 

23.5 

(obscured 
by matrix) 

c. 55 


REMARKS 

The apical areas and margins of all specimens to hand 
are either abraded or concealed by sediment so that 
the description must remain incomplete. No specimen 
shows an anterior notch, as has been noted for Tugali 
cicatricosa A. Adams recorded by Ludbrook (1956: 
9-10) from the Middle Miocene Dry Creek Sands 
and Recent, Port Lincoln, South Australia. A high rib 
count and a greater width relative to length distinguish 
the present species from congeners cited by Ludbrook 
(1956) from the St Vincent Basin. 

The shells are not unlike those of Clypidina but 
no internal groove has been observed. Subject to re- 
evaluation based upon better preserved material, this 
would appear to be the earliest record for Tugali in the 
Australasian Region. In New Zealand, the genus is 
recorded first in the Waitakian (Early Miocene) (Beu 
and Maxwell 1990). 

Small patelliform gastropods from the Albany 
district (Pallinup Formation) and Quagering Beds of 
the Northcliffe area attributed respectively to Cellana 
and Nacella (?) jutsoni (Chapman and Crespin, 1934) 
(Darragh and Kendrick 2000: 30, figure 4 L, N) are not 
unlike the present species though possibly with fewer 
ribs. Clarification of their relationship requires access to 
further, better preserved material. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Turbinidae Rafinesque, 1815 
Genus Turbo Linnaeus, 1758 
Subgenus Euninella Cotton, 1939 

Turbo (Euninella) sp. cf. T. (E.) hamiltonensis 
Harris, 1897 

Figures 5A-F, L 

cf. Turbo hamiltonensis Harris, 1897: 274, plate 8, 

figures 3a-c. 

MATERIAL EXAMINED 

Australia: Western Australia : Kennedy Range. WAM 
79.2862 (1 abraded specimen, NMV P314119 (1 broken 
specimen, 1 operculum), P314127 (1 broken operculum), 
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P314129 (2 columellar fragments). Total of two incomplete 
shells, one complete operculum and fragments. 

DESCRIPTION 

Shell robustly turbinate with about five convexly- 
gradate whorls; aperture continuous, expanded over 
anomphalous columella, internally grooved. Sculpture of 
spire spirally lirate, the posterior lirae strongly beaded 
with some fine lirae against the anterior suture; last 
whorl with well developed beading on anterior lirae. 
Operculum spiral, oval, flat internally, smooth and 
convex externally. 

DIMENSIONS 

The aperture of WAM 79.2862 has a transverse diameter 
of c. 29 mm and a height of c. 24 mm. The operculum of 
NMV P314119 measures 15.6 x 12.8 x 4.8 mm. 

REMARKS 

The limited material to hand is poorly preserved and 
inadequate for specific determination but seems to agree 
reasonably well with Euninella Cotton (type species 
Turbo gruneri Philippi, 1846), considered by Williams 
(2007, table 1) to be a ‘probably valid’ subgenus of Turbo 
Linnaeus, 1758. Compared with specimens of T. (E.) 
hamiltonensis Harris, 1897 from the Balcombian Muddy 
Creek Formation of the Otway Basin, the Merlinleigh 
species differs in its more rounded whorls, best shown on 
WAM 79.2862, and by the traces of beading on the basal 
lirae. 

Opercula and a fragmentary shell, comparable to the 
present material, have been recovered from the Pallinup 
Formation, Bremer Basin (Darragh and Kendrick 2000: 
39, 40, figures 5L-M, O). Clarification of the identity 
of this turbinid material awaits the collection of better 
preserved material. 

In a cladistic comparison of turbinid generic lineages, 
Williams (2007, figure 4) suggests a Miocene origin for 
Euninella within her Tropical Clade 5 component, all 
derived from the genus Turbo. Subject to confirmation, 
these turbinid records from Western Australia may 
extend the stratigraphic range of Euninella back from 
Miocene to Late Eocene. 

OCCURRENCE 

Merlinleigh Sandstone. Pallinup Formation? Late 
Eocene. 

Family Turbinellidae Swainson, 1835 
Genus Vasum Boding, 1798 
Vasum sp. 

Figure 5M 

MATERIAL EXAMINED 

Australia: Western Australia : Kennedy Range. NMV 
P314300. One specimen (fragment). 



FIGURE 5 A, B, C, D, E, F, L, Turbo (Euninella) sp. cf. T. (E.) hamiltonenis Harris, 1897: A, NMV P314308 (x 4.5); B, C, 
NMV P314119 (x 1.8); D, E, F, WAM 79.2862 (x 1.2); L, NMV P314119 (x 1.9); G, H, I, Tugali? sp.: G, NMV 
P314118 (x 1.2); H, I, WAM 70.1689 (x 1.3); J, K, Zelandiella? sp.: J, K, NMV P314130 (x 1.9); M, Vasum 
sp.: M, NMV P314300 (x 0.9). 
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DESCRIPTION 

The specimen is part of a robust, biconic/fusiform 
shell with strongly spinose, spaced tubercles on the 
shoulder of the last whorl; a few thin spiral lirae can be 
seen below the suture. Four very strong columellar plaits 
are flattened at the top and extend to the upper turns of 
the columella. 

DIMENSIONS 

In its fragmentary condition, the specimen has a 
height of 55 mm, width 31.5 mm. When intact, it would 
have been the largest gastropod known to date from the 
Merlinleigh Sandstone. 

REMARKS 

Meaningful comparison with other taxa is not possible 
but what little remains of the specimen bears some 
resemblance in shape to Vasum humerosum Vaughan, 
1896, Late Eocene, N. America (Vokes 1966: 4, plate 1, 
figure 1). This is the first record of the genus from the 
Eocene of Australia. It is a characteristic tropical genus, 
being represented in the fauna of northern Australian 
seas, but with a single relative - Vasum (Altivasum) 
flindersi (Verco) - living in southern and south western 
waters (Wilson 1994). 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Family Buccinidae Rafinesque, 1815 
Genus Zelandiella Finlay, 1926 
Zelandiella? sp. 

Figures 5J-K 
MATERIAL EXAMINED 

Australia: Western Australia : Kennedy Range. NMV 
P314130 (1). P314291 is a badly worn and decorticated 
specimen that might be of this genus. 

DESCRIPTION 

Shell of four spire whorls and one smooth, flattened 
protoconch whorl, the latter coiled with the axis of the 
shell. Spire whorls low, rapidly expanding, each succeeding 
whorl almost enveloping the previous; five lirae visible on 
the penultimate whorl and about 40 fine lirae on last whorl; 
whorls slightly flattened at posterior suture, latter becoming 
channelled with growth. Outer lip slightly sinuous 
posteriorly; columella twisted, short with deeply-notched 
anterior canal; siphonal fasciole well developed, bounded 
posteriorly by a prominent, sharp cord. 

DIMENSIONS 

Height Max. diameter No. whorls 
NMV P314130 26.7 19.7 5 
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This species is assigned to the genus Zelandiella with 
some doubt, as it has little resemblance to most of the 
taxa included in that genus, which have high spires and 
coarse longitudinal costae or tubercles. An exception is 
Z. fatua Finlay, 1926 (Middle Miocene, New Zealand, 
Beu and Maxwell, 1990, Plate 30, figures c, d), which the 
Merlinleigh species does resemble in size, in its low spire, 
presence of spiral lirae and lack of costae. The Merlinleigh 
species differs from Z. fatua by having a much lower 
spire and much finer spiral lirae. If correctly assigned, the 
geographic range of the genus is extended to Australia and 
the stratigraphic range to Late Eocene. In New Zealand the 
genus ranges from Early Oligocene to Early Pliocene. 

OCCURRENCE 

Merlinleigh Sandstone. Late Eocene. 

Class Cephalopoda Cuvier, 1797 
Family Aturiidae Chapman, 1857 
Genus Aturia Bronn, 1838 
Aturia clarkei Teichert, 1944 

Figures 6A-J 

Aturia cf. A. ziczac (Sowerby) Miller and Crespin, 1939: 
80, plate 14, figure 1; text figures 1, 2. 

Aturia clarkei Teichert, 1944: 79, plate 15, figures 1-4; 
plate 16, figures 1, 2: text figure 2; Glaessner, 1955: 
354, plate 34, figure 2, plate 35, fig 3, text figures 1-3; 
Darragh and Kendrick, 2008: 220, figures 1.18, 1.19. 

Aturia clarkei attenuata Teichert and Cotton, 1949: 255, 
plate 21. 

Aturia sp. Haig and Mory, 2003, figures 3Q-R. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Kennedy Range. 
UWA 21406 from east side of Kennedy Range, on track, 
1.3 miles (2.1 km) north of breakaway leading up to 
Merlinleigh Homestead. 

Paratypes 

UWA 21407a-e. From type locality (a-b not seen 16 
September 2009). 

Other material 

(Merlinleigh Sandstone only). WAM G1008 
(2 specimens), 64.35 (1 specimen), 66.1007-9 (3 
specimens), 66.1011 (1 specimen), 69.277 (4 specimens) 
69.287 (1 specimen) 69.288 (1 specimen associated with 
wood), 69.289 (4 specimens, 69.701-2 (2 specimens), 
70.913 (5), 70.1378 (1 specimen), 70.1674 (1 specimen) 
70.1676 (1 specimen), 70.1690-1 (2 specimens), 70.1693 
(1 specimen) 78.639-42 (8 specimens), 79.286 (1 
specimen), 79.2864-5 (2 specimens), 79.2894-6 (3 
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FIGURE 6 A, B, C, D, E, F, G, H, L J, Aturia c/ar/ce/Teichert, 1944: A, G, WAM 64.35 (x 0.8); B, WAM 79.2866g (x 0.8); 

C, E, WAM 70.1691 (x 0.8); D, WAM 78.639a (x 0.8); F, H, I, UWA 21406 (x 0.8) holotype ; J, WAM 78.643 
(x 0.8). 
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specimens), 79.2900 (1 specimen) 79.2902 (1 specimen), 
83.2449 (3 specimens), 87.474 (1 specimen), 88.849 
(1 specimen), 97.1 (1 specimen). NMV P314306 (4 
specimens), (P314894 (1 specimen), P314895 (1), 
P314896 (2 specimens), P315053 (3 specimens). 

DESCRIPTION 

The study material, including the type series, is on the 
whole poorly preserved and fragmentary, revealing little 
more than a cursory indication of the salient features of 
the species. When intact, the shell would have attained 
a diameter of up to c. 300 mm, being smooth, involute, 
compressed and broadly rounded across the venter; 
umbilicus closed; about 10-11 camerae per volution, 
frequently exposed by attrition of the outer shell 
layer. Suture almost flat across venter with a narrow, 
asymmetrical, pointed lateral lobe, a broadly rounded, 
asymmetrical lateral saddle and a wide, shallow 
umbilical lobe. 

The holotype is a fragmentary internal replication, 
bordered by the siphuncle and devoid of any portion of 
the outer surface or aperture. The maximum measurable 
diameter of this specimen is 100 mm, consistent with a 
diameter of c. 300 mm or more) when intact. 

Of the paratype series UWA 21407 a-e, specimens a 
and b were not seen on 16 September 2009; specimen 
c is noteworthy for the retention of part of the external 
shell surface near the aperture (right side), something of 
a rarity in the study material as a whole. 


DIMENSIONS 



Max. diameter 

Width 

UWA 21406, holotype 

100 

42 

WAM 70.1691 

44.0 

23.5 

WAM 78.639a 

45.5 

22.0 

WAM 64.35 

72.0 

31.5 

WAM 78.643 

84.0 

31.0 

WAM 78.2886g 

- 

38.0 


REMARKS 

Aturia had a virtually cosmopolitan distribution in 
the Eocene. In explaining this, Chirat (2000) has argued 
that, because of their unique siphuncular morphology, 
the shells, after death, probably drifted for very long 
distances, so that the number of true bio-species 
compared with recorded taxa is probably quite small. 
Many ‘species’ appear to have been erected for reasons 
of geographical separation or dispersal and from minor 
morphological differences or based on few specimens, 
poorly preserved. We have noted at least 22 names 
that have been proposed for Eocene ‘species’ of Aturia 
(Kummel 1956) and have priority over A. clarkei and it 
seems highly probably that Teichert’s name will prove to 
be a junior subjective synonym of one of these. 

The earliest available names for Eocene species appear 
to be Aturia ziczac (J. Sowerby, 1812) and A. alabamensis 
(Morton, 1834). Judging from illustrations, A. clarkei 
appears to be very close in morphology to both of them 
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but, without being able to compare good specimens, we 
are unable to state at present with any certainty whether 
the latter is a synonym of either of the former, if indeed 
the former represent one or two separate species or 
whether A. clarkei is a synonym of any of the other 
recorded taxa. In view of this uncertainty, we retain 
Teichert’s name for the time being. As Chirat (2000) has 
pointed out, the genus is in need of revision, something 
we are not in a position to undertake at present. 

In the Middle to Late Eocene of Western Australia, 
specimens of A. clarkei are not uncommon, usually as 
small or broken specimens or as siliceous internal casts. 
This fact, together with the character of the Merlinleigh 
Sandstone, is in accord with Chirat’s (2000) comments 
that many occurrences (of Aturia) represent shoreline 
strandings - the shells having been transported by 
ocean currents over greater or lesser distances from 
their original habitats. All but a very few Merlinleigh 
specimens show substantial shell fragmentation, 
consistent with a high degree of predation prior to 
stranding and burial. 

OCCURRENCE 

Australia only. Otway Basin: Clifton Formation 
(reworked). St Vincent Basin: Tortachilla Limestone. 
Bremer Basin: Pallinup Formation. Southern Carnarvon 
Basin: Merlinleigh Sandstone (type); unnamed 
sandstone (Kalbarri). Middle-Late Eocene. 
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ABSTRACT - Descriptions of 10 new species of free-living aquatic nematodes are presented. 
Four of the new species belong to the Axonolaimidae, i.e. Ascolaimus australis, Parascolaimus 
brevisetus, Odontophora serrata and Parodontophora aurata. The remaining six species belong 
to the Desmodoridae, i.e. Bolbonema spiralis, Onyx cephalispiculus, O. potteri, Eubostrichus otti, 
Catanema australis and Leptonemella peronensis. All 10 species were found in sediments taken from 
near-shore waters of either the Swan River Estuary or marine waters of the Perth region (Western 
Australia). Ascolaimus australis differs from its only congener A. elongatus in that its spicules are 
non-barbed and have rounded proximal cephalations. Parascolaimus brevisetus is different from its 
four other congeners by its short cephalic setae, which are less than one quarter the length of any 
other Parascolaimus, and the spicule cephalations are rounded rather than simple or spade-shaped. 
Parodontophora aurata is distinguished from six morphologically similar species by the unique 
arrangement ((4D-2V)2) and greater length (6 pm) of the opisthocephalic setation. Odontophora serrata 
is distinct from other Odontophora species in that each odontiuim bears seven dentate projections, 
which is more projections than similar species, O. bermudensis (5), O. villoti (3) and O. paravilloti (3). 
Bolbonema spiralis has spiral amphids with two turns, in contrast to those of B. longisetosum, which 
are only a single loop. Onyx cephalispiculus is most similar to O. Sagittarius but has more robust 
spicules with large, bilobed cephalations. Onyx potteri is the only Onyx species to exhibit spicules with 
a distinct constriction and one of only two species with ten tubular precloacal supplements. The other, 
O. dimorphus, has sexually dimorphic amphids whereas O. potteri does not. Eubostrichus off/is most 
similar to E. topiarus but is only half the size. Cephalic setation is also divergent, with E. otti having two 
cephalic crowns, eight setae in the anterior, four in the posterior, whereas this arrangement is reversed 
for E. topiarus. Catanema australis is most similar to C. exilis but is distinguished from that species by 
the lack of prominent, tubular, postcloacal supplements and having only four pairs of normal setae on 
the tail. Leptonemella peronensis is most similar to L. granulosa but differs in its non-granular cephalic 
capsule, shorter tail and different circumcloacal setation (two precloacal, four postcloacal and one 
terminal double pair v. L. granulosa's seven postcloacal pairs). 


KEYWORDS: morphology, taxonomy. 


INTRODUCTION 

During extensive studies of the free-living marine 
and estuarine nematode assemblages of south-western 
Australia, many previously undescribed species were 
found, ten of which are now formally described. These 
comprise to two separate families, the Axonolaimidae 
Filipjev, 1918 (four species) and the Desmodoridae 
Filipjev, 1922 (six species) and encompass all of 
the new species which belong to those families that 
were encountered during these studies. The four 
representatives of the Axonolaimidae belong to four 
separate genera, i.e. Ascolaimus, Parascolaimus, 
Odontophora and Parodontophora. Of the six new 
species within Desmodoridae, one species belongs to the 


Desmodorinae (. Bolbonema ), two species to the Spirininae 
(two Onyx species), and the final three species to the 
Stilbonematinae (one each of Eubostrichus, Catanema 
and Leptonemella). 

Greenslade (1989) provides a comprehensive checklist 
of the nematode species recorded in Australian marine 
and estuarine environments prior to 1989 and also details 
the relevant taxonomic articles. Since that publication, a 
considerable number of taxonomic papers on Australian 
free-living nematodes have been produced (e.g. 
Greenslade and Nicholas 1991; Nicholas 1993, 1996, 2002; 
Blome and Riemann 1994; Gourbault and Vincx 1994; 
Stewart and Nicholas 1994, 1995; Nicholas and Trueman 
2002). However, these latter publications consider only 
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species from the east and south coast of Australia, 
primarily as a reflection of the centers of Australian 
nematological research. The most recent descriptions of 
local Western Australian free-living nematode species 
are those of Inglis (1970, 1971), which describe several 
species of Cyatholaimidae and Enoplidae, respectively. 

The specimens used to describe the 10 species below 
were collected during the studies detailed by Hourston 
et al. (2005, 2009). From those publications it is apparent 
that more than half of the species encountered could 
not be assigned to previously described species and in 
some cases, genera. In many instances this is because 
they represent new species, although it is acknowledged 
that some species have only been identified to a putative 
level and that the completion of the taxonomy is an 
ongoing task given the paucity of local relevant taxonomic 
research. 

Taxonomic research is ongoing for the remaining 
unidentified species encountered during recent ecological 
studies in Western Australia (Hourston et al. 2005, 2009). 
The present paper represents the first of several taxonomic 
works required to complete this body of work. 

METHODS 

The methodology for the collection, preservation, 
mounting and identification for individuals is detailed 
in Hourston et al. (2005). Reference slides for type 
material, were prepared by transferring specimens from 
mixed assemblage slides to individual species reference 
slides in glycerol, and sealed with slide sealant. 
All drawings were made using an Olympus CH40 
compound light microscope with incorporated drawing 
tube. All type material for each of the 10 species has 
been deposited at the Western Australian Museum, Perth 
(WAM), the specimens indicated as ‘other material 
examined’ are currently held by Murdoch University. 
Further specimens may be lodged as they become 
available. The registration numbers for each type series 
are included in the descriptions below. 

Family Axonolaimidae Filipjev, 1918 
Subfamily Axonolaiminae Filipjev, 1918 
Genus Ascolaimus Ditlevsen, 1919 

Ascolaimus Ditlevsen, 1919: 229. 

TYPE SPECIES 

Bathylaimus filiformis Ditlevson, 1918 (junior synonym 
of Monhystera elongata Butschli, 1874), by monotypy. 

Ascolaimus australis sp. nov. 

Figures 1A-C; Table 1 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : S, Feighton Beach 


(32°01'43"S, 115°44'51"E), 19 February 2001, M. 
Hourston (WAM V7450). 

Paratypes 

Australia: Western Australia : 1 $, 1 juvenile, 
Feighton Beach (32°0T43"S, 115 0 44'51"E), 19 February 
2001, M. Hourston (WAM V7450). 

DIAGNOSIS 

Ascolaimus australis differs from its only other valid 
congener, A. elongatus Butschli, 1874, in that the male 
spicules have simple not barbed distal tips, and rounded 
proximal cephalations as opposed to spade-shaped 
cephalations. 

DESCRIPTION 
Male (holotype) 

Body, slender, medium length, predominantly 
transparent, distinct but fine annulations from posterior 
of amphid to caudal tip. Tail : short, conical. Setation : 
labial; 6, minute; cephalic; 4. Somatic; 4 files, over 
oesophagus, alternating insertion point between 
dorso-lateral and ventro-lateral files (Figure la.). 
Terminal; absent. Buccal cavity, double conical, weakly 
sclerotised, unarmed. Oesophagus : no bulbs/swellings, 
cardia indistinct. Amphid : large, circular loop, over 
posterior of buccal cavity. Spicules : short, evenly arcuate 
(90°), distally simple point, proximally cephalate with 
dorso-lateral twist to the cephalation. Gubernaculum : 
encases distal spicule tips, substantial dorso-caudal 
apophysis. Testes : paired, outstretched, right of intestine. 
Supplementary organs', absent. 

Female (paratype) 

Same diagnostic structures for body, setation, buccal 
cavity, amphids. Ovaries: paired, opposed, outstretched, 
right of intestine. 

HABITAT 

Type specimens were collected from sub- and supra- 
tidal sediments at a moderately high-energy beach in 
south-western Australia (Feighton Beach). Sediments at 
this location are predominantly biogenic and calcareous, 
medium grained and have very low organic content. 

REMARKS 

Ascolaimus contains only one other valid species, i.e. 
A. elongatus, which has been has been reported from 
many locations throughout Europe and North America 
in many separate articles, many of which provide 
detailed illustrations. While some details of A. elongatus 
differ among depictions, this species’ spicules invariably 
have distinctive barbed distal ends and spade-shaped 
proximal cephalation (e.g. De Coninck and Schuurmans- 
Stekhoven 1932; Gerlach 1953; Warwick et al. 1998). 
Both distinctive characteristics of the above species are 
lacking in the presently described species. The spicules 
of A. australis have simple straight distal tips and 
rounded cephalations. 
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FIGURE 1 Ascolaimus australis sp. nov.: A, head and oesophageal region of holotype; B, caudal region of holotype; 
C, total body of paratype male. 
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TABLE 1 Morphological measurements for the holotype of Ascolaimus australis, as well as those for the male 
and female paratype specimens. All measurements are in pm unless otherwise stated in tables 1-4 and 
6-11. a = body length / maximum body diameter, b = body length/oesophagus length, c = body length/ 
tail length, cbd = corresponding body diameter, from ant = distance from anterior, V (%) = percentage of 
vulva distance from anterior to total body length, ABD = anal body diameter. All abbreviations used are 
consistent across tables 1-4 and 6-11. Where sufficient paratype material was available, the ranges of 
values for the morphological measurements are given. 


Holotype Paratype $ Paratype S 


Body length (mm) 


1.186 

1.376 

1.355 

a 


49.4 

49.1 

56.4 

b 


8.8 

9.3 

8.7 

c 


15.2 

16.9 

16.1 

head diameter 


10 

10 

13 

Setae length 

Cephalic 

12 

15 

20 


Somatic 

6 

6 

5 

Buccal cavity length/diameter 


13/4 

14/5 

13/5 

Amphid: 

from ant 

5 

8 

9 


length/width 

7/7 

7/7 

7/8 


cbd 

12 

14 

18 

Nerve ring: 

from ant 

72 

80 

88 


cbd 

22 

23 

22 

Oesophagus length 


134 

147 

155 

Max diameter 


24 

28 

24 

Vulva: 

from ant 

- 

780 

- 


V(%) 

- 

57 

- 


cbd 

- 

28 

- 

Spicule length (arc) 


34 

- 

31 

ABD 


25 

20 

22 

Tail length 


78 

81 

84 


ETYMOLOGY 

Since the only other Ascolaimus species (A. elongatus ) 
has, to date, only been found in northern hemisphere 
localities, A. australis has been named in contrast, to 
reflect its southern hemisphere type locality. 

Genus Parascolaimus Wieser, 1959 

Parascolaimus Wieser, 1959: 66. 

TYPE SPECIES 

Parascolaimus tau Wieser, 1959, by original designation. 

Parascolaimus brevisetus sp. nov. 

Figures 2A-D, Table 2 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: <$, Fish Market 


Reserve (31°53’43"S, 115°57’33"E), 17 August 2005, M. 
Hourston (WAM V7451). 

Paratypes 

Australia: Western Australia : 2 S, 4 $, Fish Market 
Reserve (31°53’43 ,, S, 115°57’33"E), 17 August 2005, M. 
Hourston (WAM V7451). 

OTHER MATERIAL EXAMINED 

Australia: Western Australia: 3 3 $, Fish Market 

Reserve (31°53’43"S, 115°57’33"E), 20 August 2005, M. 
Hourston. 

DIAGNOSIS 

Parascolaimus brevisetus can be discriminated from 
its four described congeners in that its cephalic setae 
are only 5 pm long, less than 1/4 the length of any other 
Parascolaimus species. Also the proximal ends of the 
spicules have distinct and rounded cephalations rather 
than simple, spade-shaped or weakly rounded. 
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FIGURE 2 Parascolaimus brevisetus sp. nov.: A, head and oesophogeal region of holotype; B, caudal region of 
holotype; C, total body of holotype; D, total body of paratype female. 
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TABLE 2 Morphological measurements for the holotype of Parascolaimus brevisetus, as well as the range for 
female and male paratype specimens. 

Holotype Paratype $ Paratype c? 


Body length (mm) 


1.035 

0.935-0.045 

0.801-1.035 

a 


41.4 

30.4-34.8 

36.3-41.4 

b 


6.0 

7.3-8.3 

5.8-6.7 

c 


11.0 

93 - 9.1 

9.2-11.0 

Setae length 

Cephalic 

5 

4-5 

4-5 


Somatic 

3 

3-4 

3-4 

Buccal cavity Length/Diameter 

15/4 

14/4-16/4 

12/4-15/5 

Head diameter 


9 

6-8 

8-9 

Amphid: 

from ant 

7 

5-8 

4-7 


length/width 

6/6 

5/5—6/6 

5 / 5-616 


cbd 

11 

10-12 

10-11 

Oesophagus length 


182 

113-142 

119-182 

Nerve ring: 

from ant 

88 

71-86 

73-88 


cbd 

20 

18-20 

17-20 

Max diameter 


25 

27-31 

20-25 

Vulva: 

from ant 

- 

475-585 

- 


V(%) 

- 

51-56 

- 


cbd 

- 

27-31 

- 

Spicule length (arc) 


26 

- 

25-26 

ABD 


22 

17-19 

17-22 

Tail length 


94 

100-107 

87-94 


DESCRIPTION 
Male (holotype) 

Body : slender, small, colourless, fine and indistinct 
annulations visible on posterior of body. Tail : short, 
conical, slight terminal swelling. Setation : Cephalic; 
four, 5 pm from the anterior. Cervical; four pairs, 
dorso-lateral/ventro-lateral position. Somatic; sparse, 
short. Sub-ventral; 7 pm, 2 files on posterior body 
and tail. Terminal; absent. Buccal cavity : double 
conical, lightly sclerotised, labial ‘claws’ sensu Wieser 
(1959). Oesophagus : slight posterior bulb, distinct 
cardia. Amphid : circular loop, 7 pm from anterior, 
over posterior cone of buccal cavity. Spicules : slim, 
moderately arcuate, distinctive rounded cephalations. 
Gubernaculum : two parts, Dorsal part; with apophysis. 
Ventral part; paired, tubular, parallel to distal end of 
spicules. Supplementary organs : none visible, possible 
minute structures. Testis : large, single, outstretched, left 
of intestine. Spermatozoa; spherical, readily visible. 

Female (paratypes) 

Same diagnostic structures for body; setation; buccal 
cavity, amphids. Ovaries: paired, opposed, outstretched, 
left of intestine. 


HABITAT 

Individuals of this species are present in the mid to 
upper reaches of the Swan River Estuary. Type specimens 
were found in sediment types ranging from clay/mud to 
coarse sand, but more commonly occurred in the latter. 

REMARKS 

Parascolaimus brevisetus is assigned to Parascolaimus 
on the basis of the ‘claw-like’ structures in the buccal 
cavity as described by Wieser (1959) and a complex, two- 
part gubernaculum. Within the genus, the present species 
can be easily discriminated from the other four described 
species in that the length of the cephalic setae (5 pm) are 
less than one quarter the length of that described for P. 
tau Wieser, 1959 (36-47 pm), P. ungulatus Belogurov 
and Kartavtseva, 1975 (26-40 pm), P. amphidoporus 
Wieser, 1959 (c. 60 pm) and P. proprius Belugurov and 
Kartavtseva, 1975 (c. 40 pm). Furthermore, males of 
the present species possess distinctly rounded cephalate 
spicules whereas those of the other four species are either 
simple, spade-shaped or slightly cephalate. Additionally, 
the amphids of the present species (50% cdb) are smaller 
than those of P. tau (75% cbd), larger than those of P. 
ungulatus (25% cbd) and P. proprius (30% cbd), and of a 
different shape to P. amphidoporus. 
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ETYMOLOGY 

Parascolaimus brevisetus has been named for one of 
the primary features that discriminates it from other 
Parascolaimus species, i.e. its relatively much shorter 
cephalic setae. 

Genus Odontophora Biitschli, 1874 

Odontophora Biitschli, 1874: 49. 

TYPE SPECIES 

Odontophora marina Biitschli, 1874 by subsequent 
designation of Allgen, 1929. 

Odontophora serrata sp. nov. 

Figures 3A-D; Table 3 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Chidley Point 
(32 o 01'03"S, 115°46'52"E), 6 February 2005, M. 
Hourston (WAM V7452). 


Paratypes 

Australia: Western Australia : 1 S, 1 $, Chidley 
Point (32°01'03"S, 115°46 , 52 ,, E), 6 February 2005, M. 
Hourston (WAM V7452). 

Other material examined 

Australia: Western Australia : 2 (S', 3 $, 5 juveniles, 
Penguin Island (32°18’25"S, 115°41'30 M E), 20 July 
2001, M. Hourston; 1 S, 2 $, 2 juveniles, Becher Point 
(32°22'8"S, 115°43'05"E), 20 July 2001, M. Hourston. 

DIAGNOSIS 

Odontophora serrata is distinct from other 
Odontophora species in that each odontiuim bears 7 
‘dentate’ projections, creating a serrated appearance. 
O. bermudensis, Jensen and Gerlach, 1976, O. villoti 
Luc and De Coninck, 1959 and O. paravilloti Blome, 
1982 are the only other recorded species to bear dentate 
odontia, however, they have only 5, 3 and 3 projections 
per odontium, respectively. 

DESCRIPTION 
Male (holotype) 

Body, long, slender. Cuticle : mainly smooth, fine 


TABLE 3 Morphological measurements for the holotype of Odontophora serrata, as well as those for the female and 
male paratype specimens. 




Holotype 

Paratype $ 

Paratype S 

Body length (mm) 


3.080 

3.086 

3.061 

a 


64.1 


66.5 

b 


18.9 

19.2 

19.8 

c 


29.3 

30.2 

24.6 

Head diameter 


26 

30 

31 

Setae length 

Cephalic 1 

36 

32 

37 


Cephalic 2 

8 

6 

8 


Subcephalic 

33 

31 

30 


Subterminal 

64 

- 

65 

Amphid: 

from ant 

6 

2 

3 


length/width 

6/6 

7/7 

8/7 


cbd 

25 

30 

27 

Nerve ring: 

from ant 

115 

114 

113 


cbd 

36 

44 

38 

Oesophagus length 


163 

161 

154 

Max diameter 


48 

63 

46 

Vulva: 

from ant 

- 

1700 

- 


V(%) 

- 

55 

- 


cbd 

- 

63 

- 

Spicule length (arc) 


50 

- 

52 

ABD 


41 

36 

40 

Tail length 


105 

102 

124 
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FIGURE 3 Odontophora serrata sp. nov.: A, head of paratype female, external only; B, head of holotype, internal and 
external; C, total body of paratype female; D, caudal region of holotype. 
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annulations on tail. Setation : Labial; six, papillae. 
Anterior cephalic; six, long, insert level with posterior 
of amphid. Posterior cephalic; four, shorter, 4 pm 
behind anterior cephalic. Subcephalic; four, long, 4 
pm behind posterior cephalic. Cervical; four files, 
extending along oesophagus. Somatic; absent. Caudal; 
thick, four submedian files. Subterminal; conspicuous, 
thick, 32 and 64 pm long. Amphid : small, round loop, 
extruded corpus gelatum. Buccal cavity, typical of 
Odontophora, conical, posterior walls cuticularised, 
contains odontia. Odontia : six, well developed, each has 
7 projections, serrated appearance. Inter-odontialplates'. 
cuticularised, triangular, anterior edge denticulate. 
Oesophagus: anterior/ posterior bulbs absent, cardia 
present. Excretory pore : level with subcephalic setae. 
Spicules : well developed, strongly arcuate, c. 90°angle, 
proximal end slightly cephalate and dorsally angled. 
Gubernaculum : cuticularised, conspicuous, long dorsal 
apophysis. Supplementary organs : 17, preanal, minute 
papillae with fine pores. Testis : single, outstretched, left 
of intestine. 

Female (paratype) 

Similar to male in body shape, anterior setation, 
amphid, buccal cavity. Caudal setation : sparser, 
conspicuous subterminal setae absent. Ovaries : paired, 
opposed, outstretched, left of intestine, mature eggs 
large (44 x 160 pm), elongate, conspicuous. 

HABITAT 

Odontophora serrata is found in calcareous sediments 
within both marine and estuarine environments of 
south-western Australia, but is usually only present in 
low numbers. 

REMARKS 

Jensen and Gerlach (1976) discussed the difficulties 
involved in separation of the large number of species 
in this genus, which differ only in minor features. They 
describe the ‘denticulate projections’ on the odontia of 
O. bermudensis Jensen and Gerlach, 1976 as peculiar 
and suggest that their presence is best seen on specimens 
on which the odontia are protruded, and that the form 
of the odontia in descriptions where this is not the 
case is unknown. However, the three pairs of lateral 
projections on each odontium of O. serrata are very 
obvious even on specimens where they are not protruded 
and we do not feel that they could have been overlooked 
if this species had been described earlier. There are 
three other species on which similar projections on 
the odontia have been identified, i.e. O. villoti Luc 
and De Coninck, 1959 and O. paravilloti Blome, 1982 
which have one pair of projections on each odontium 
(three-lobed) and O. bermudensis which has two pairs 
(five-lobed). In contrast, O. serrata has three pairs of 
projections on each odontium (seven-lobed). Species in 
this morphologically similar sub-group also share the 
presence of a pair of long dorsolateral setae near the tail 
tip, but none so long as O. serrata. 


ETYMOLOGY 

This species had been named for its characteristic 
odontia, which have a distinctly serrated appearance due 
to the projections along their edges. 

Genus Parodontophora Timm, 1963 

Parodontophora Timm, 1963: 35. 

TYPE SPECIES 

Pseudolella paragranulifera Timm, 1952, by original 
designation. 

Parodontophora aurata sp. nov. 

Figures 4A-D, Tables 4, 5 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Fish Market 
Reserve (31°53’43"S, 115°57’33"E), 8 February 2005, M. 
Hourston (WAM V7453). 

Paratypes 

Australia: Western Australia : 1 2 $, Fish Market 

Reserve (31°53’43 ,, S, 115°57’33"E), 8 February 2005, M. 
Hourston (WAM V7453). 

Other material examined 

Australia: Western Australia: 2 S, 2 5 , Coode St 
Jetty (31°58'23"S, 115°52’08"E) 08 February 2005, M. 
Hourston. 

DIAGNOSIS 

Parodontophora aurata is one of six morphologically 
similar species. It is distinguished from those other five 
primarily by the unique arrangement (two dorsal files of 
three or four setae each and two ventral files of two setae) 
and greater length (6 pm) of the opisthocephalic setation. 

DESCRIPTION 

Holotype 

Body: medium size, stout, dark amber in colour. 
Tail: conical. Cuticle: light annulations over entire 
body. Setation: Labial; 6, papillae. Cephalic; 4. 
Opisthocephalic; (sensu Wu et al. 2000), four files, 
dorso-lateral files 3-4 setae, ventro-lateral files 2 
setae. Cervical; sparse, fine. Caudal; 2 subventral files. 
Buccal cavity: long, narrow, parallel and sclerotised 
walls. Odontia: six, simple, well developed. Amphid: 
‘crook-shaped’, entirely over buccal cavity, shorter 
leg c. 70% of longer leg. Oesophagus: narrow, not 
surrounding buccal cavity, wider posterior to nerve ring. 
Oesophageal bulb: absent. Renette cell: large, 54 pm 
long, 36% oesophagus length. Spicules: slender, arcuate, 
split proximal cephalations. Gubernaculum: triangular, 
narrow dorso-caudal apophysis. Supplementary organs: 
absent. Testes: paired, outstretched, right of intestine. 
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FIGURE 4 Parodontophora aurata sp. nov.: A, head of holotype; B, total body of holotype; C, total body of paratype 
female showing renette cell (*); D, caudal region of holotype. 
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TABLE 4 Morphological measurements for the holotype of Parodontophora aurata sp. nov., as well as the range of 
measurements for female and male paratype specimens. 

Holotype Paratype $ Paratype c? 


Body length (mm) 


1.170 

1.160-1.322 

1.174-1.329 

a 


39 

27.5-35.1 

39.0-44.0 

b 


8.2 

7.7-8.1 

7.1-8.9 

c 


9.1 

9.6-11.8 

8.5-11.0 

Head diameter 


18 

14-14 

12-18 

Setae length 

Cephalic 

8 

7-8 

7-8 


Opisthocephalic 

6 

5-6 

5-6 


Cervical 

6 

5-5 

5-6 

Buccal cavity Length/Diameter 

33/6 

30/7-33/8 

30/5-48/7 

Amphid: 

from ant 

5 

2-5 

2-5 


dorsal arm 

20 

16-17 

18-20 


ventral arm 

14 

13-14 

14-15 


cbd 

18 

31-33 

25-30 

Nerve ring: 

from ant 

94 

95-97 

84-94 


cbd 

29 

28-31 

25-30 

Oesophagus length 


142 

150-162 

142-167 

Max diameter 


30 

33-45 

28-30 

Vulva: 

from ant 

- 

620-680 

- 


V(%) 

- 

50-54 

- 


cbd 

- 

33-45 

- 

Spicule length (arc) 


40 

- 

33-40 

ABD 


26 

22-26 

26-28 

Tail length 


129 

98-135 

120-140 


Female (paratypes) 

Similar to male, lower DeMan a 0=39 v. $<35). 
Ovaries : paired, opposed, outstretched, right of intestine. 

HABITAT 

Individuals of Parodontophora aurata are relatively 
common in sediments at upper estuarine/riverine 
locations in the Swan River Estuary. This species does 
not exhibit any marked preference for sediment type and 
is found in types ranging from gravels to fine clay/mud. 

REMARKS 

Parodontophora aurata can be distinguished from 
the majority of other congeneric species by the fact that 
the two arms of the amphid are not extremely different 
in length, and the longer arm does not extend past the 
base of the buccal cavity, such as the case for example, 
P. wuleidaowanensis Zhang, 2005. Of the remaining 
species, a group of morphologically similar species was 
identified by Wu et al. (2000) in which P. aurata should 
also now be included. The latter authors present a table 
summarising the distinguishing characteristics for 


those five allied Parodontophora species. It is evident 
from Table 5 that although comparable values for most 
characters can be found among the other five species, 
the particular combination of characters found for P. 
aurata is unique. Those characters for which there are no 
exact match in the other five species are the length and 
arrangement of the opisthocephalic setae (see Diagnosis). 

ETYMOLOGY 

This species has been named for the distinct and 
consistent colouration of individuals, which ranges from 
light yellow through to dark amber. 

Family Desmodoridae Filipjev, 1922 

Subfamily Desmodorinae Filipjev, 1922 

Genus Bolbonema Cobb, 1920 

Bolbonema Cobb, 1920: 264. 

TYPE SPECIES 

Bolbonema brevicolle Cobb, 1920, by monotypy. 




TABLE 5 An adaptation of Table 2 as presented in Wu et al. (2000) with P. aurata included for comparison. In those situations where a character is similar for both R aurata 
and another species, that character has been highlighted. 
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Renette cell/ oesophagus length 36% 34-47% 35-40% 40% 50-55% 45-57% 
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FIGURE 5 Bolbonema spiralis sp. nov.: A, head and oesophageal region of holotype; B, caudal region of holotype. 
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Bolbonema spiralis sp. nov. 

Figures 5A, B, Table 6 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Mangles Bay 
(32°16'08"S, 115°41’34"E), 14 February 2004, R. 
Caccianiga (WAM V7454). 

Paratypes 

Australia: Western Australia : 6 S, 6 Mangles 
Bay (32°16'08"S, 115 0 41'34"E), 14 February 2004, R. 
Caccianiga (WAM V7454). 

Other material examined 

Australia: Western Australia : 1 S, 1 ?, Chidley 
Point (32°01'03"S, 115 0 46’52"E), 6 February 2005, 
M. Hourston; 2 Mosman Waters (32°01’29"S, 
115°46'26"E), 10 July 2005, M. Hourston. 

DIAGNOSIS 

Bolbonema spiralis differs from its described 
congeners by having distinctly spiral amphids with two 
turns, whereas the others have only a single loop. B. 
spiralis also differs from B. longisetosum as that former 
species has no pre- or post-cloacal supplements. 


DESCRIPTION 
Male (holotype) 

Body : medium size, brown. Tail : short, conical. 
Cuticle : annulated, coarse/irregular anteriorly, fine/ 
regular posteriorly. Cephalic capsule : distinct from 
body, smooth, abscission at 30% from anterior is 
semi-complete and interrupted by amphid. Amphid : 
large, spiral, 2 turns. Setation : Fabial; 6, papillae. 
Cephalic; 4, level with amphid centre. Subcephalic; 4, 
at cephalic capsule base. Somatic; eight files regularly 
spaced radially, setae longitudinally alternate long 
(c. 22 pm) and short (c. 4 pm), extend from cephalic 
capsule base to posterior of cloaca. Terminal; absent. 
Buccal cavity, minute, unarmed. Oesophagus’, short, 
narrow, non-muscular, oesophageal bulb distinct, 
cardia absent. Spicules: even arc, simple proximal 
cephalation. Gubernaculum : indistinct, small, simple, 
slender dorsal apophysis. Supplementary organs : 
indistinct or absent. Testis’, single, outstretched, right 
of intestine. 

Female (paratypes) 

Similar to male. Comparable length, much greater 
girth. Amphid’. 1.75 turns. Ovaries’, paired opposed, 
reflexed, right of intestine. 


TABLE 6 Morphological measurements for the holotype of Bolbonema spiralis sp. nov., as well as the range of 
measurements for the female and male paratype specimens. 

Holotype Paratype $ Paratype S 


Body length (mm) 


1.093 

0.974-1.145 

0.984-1.079 

a 


32.1 

26.6-31.3 

34.2-39.3 

b 


11.5 

10.0-13.0 

10.1-11.5 

c 


12.8 

10.2-13.7 

10.8-11.8 

Head diameter 


19 

17-19 

17-18 

Setae length 

Cephalic 

9 

10-11 

9-12 


Subcephalic 

4 

4-5 

4-5 

Amphid: 

from ant 

5 

3-5 

4-6 


length/width 

11/11 

9/9-10/10 

10/10-13/13 


cbd 

19 

17-19 

17-18 

Nerve ring: 

from ant 

56 

55-64 

58-63 


cbd 

26 

24-27 

22-25 

Oesophagus length 


94 

88-97 

91-102 

Max diameter 


34 

33-42 

25-30 

Vulva: 

from ant 

- 

520-587 

- 


V(%) 

- 

50-53 

- 


cbd 

- 

33-38 

- 

Spicule length (arc) 


48 

- 

43-57 

ABD 


18 

16-18 

18-20 

Tail length 


84 

71-104 

87-100 
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TABLE 7 Morphological measurements for the holotype of Onyx cephalispiculus sp. nov., as well as the range of 
measurements for the female and male paratype specimens. 

Holotype Paratype $ Paratype S 


Body length (mm) 


1.204 

1.215-1.268 

1.232-1.284 

a 


20.7 

21.7-22.0 

25.1-27.2 

b 


5.1 

5.7-6 

6.3-6.4 

c 


11.7 

11.8-13.0 

9.7-14.0 

Head diameter 


34 

33-33 

29-32 

Setae length 

Labial 

5 

5-5 

4-6 


Cephalic 

13 

14-15 

12-15 


Subcephalic 

7 

9-9 

6-11 

Amphid: 

from ant 

1 

0-0 

0-1 


length/width 

6/7 

5/7—6/8 

511-511 


cbd 

24 

18-20 

12-22 

Nerve ring: 

from ant 

115 

102-112 

102-111 


cbd 

47 

50-50 

45-49 

Oesophagus length 


235 

202-223 

193-201 

Max diameter 


58 

55-58 

47-49 

Vulva: 

from ant 

- 

700-710 

- 


V(%) 

- 

56-59 

- 


cbd 

- 

55-58 

- 

Spicule length (arc) 


69 

- 

65-75 

No. of supplements 


24 

- 

18-23 

ABD 


47 

34-36 

45-49 

Tail length 


112 

93-107 

88-128 


HABITAT 

All type specimens are from near-shore, sandy marine 
sediments. Additional individuals were recorded from 
the marine reaches of the Swan River Estuary, also in 
similar sediments. 

REMARKS 

Verschelde et al. (1998) ascribe two other species to 
the genus Bolbonema, namely B. brevicolle Cobb, 1920, 
and B. longisetosum Jensen, 1985. The latter species 
has longitudinally oval amphids describing a single 
loop in the male, with distinct pre- and post-cloacal 
supplements. B. brevicolle was rather inadequately 
described by Cobb (1920) on the basis of a single female 
specimen, the amphids of which are in the form of a 
single circular loop like those depicted by Jensen (1985) 
for a juvenile B. longisetosum. The synonymy of B. 
brevicolle and B. longisetosum cannot be dismissed on 
the basis of the published taxonomic literature alone. 

ETYMOLOGY 

The specific epithet refers to the spiral nature of the 
amphids, which are a primary diagnostic feature within 
the genus. 


Subfamily Spiriniinae Gerlach and Murphy, 1965 
Genus Onyx Cobb, 1891 

Onyx Cobb, 1891: 146. 

TYPE SPECIES 

Onyx perfectus Cobb, 1891, by monotypy. 

Onyx cephalispiculus sp. nov. 

Figures 6A-C, Table 7 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : S, Mosman Waters 
(32°0T29"S, 115°46'26"E), 6 February 2005, M. 
Hourston (WAM V7455). 

Paratypes 

Australia: Western Australia: 7 S, 5 Mosman 
Waters (32°01'29"S, 115°46’26"E), 6 February 2005, M. 
Hourston (WAM V7455). 
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FIGURE 6 Onyx cephalispiculus sp. nov.: A, total body of holotype; B, head and oesophageal region of holotype; C, 
caudal region of holotype. 
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Other material examined 

Australia: Western Australia: 10 <$, 12 Mosman 
Waters (32°01'29"S, 115°46 , 26"E), 20 February 2005, 
M. Hourston; 2 (?, 4 Chidley Point (32 o 01'03"S, 
115°46'52"E), 6 February 2005, M. Hourston. 

DIAGNOSIS 

Onyx cephalispiculus, and the previously described 
O. Sagittarius Gerlach, 1950, share the largest number 
of precloacal supplements of any Onyx species (24) 
O. cephalispiculus differs from O. sagitarius as it has 
larger, more robust spicules which are more arcuate and 
have large, bilobed proximal cephalations. 

DESCRIPTION 
Male (holotype) 

Body : medium sized, red/brown. Tail : short, conical. 
Cuticle : very finely annulated. Amphid: simple 
single loop, extreme anterior placement. Setation: 
Labial; 6, setiform. Cephalic; 4, level with amphid. 
Subcephalic; 8, posterior to amphid. Cervical; four 
dense fields, very short and fine. Somatic; short, fine, 
sparse. Postclocal; 2 subventral files, conspicuous 
cluster immediately post cloacal. Terminal; absent. 
Buccal cavity, strongly sclerotised forming a ring 
anterior to tooth. Dorsal tooth : well-developed, hollow, 
sclerotised. Oesophagus : narrow isthmus, anterior bulb 
well developed, posterior bulb very well developed, 
elongate, sclerotised inner lining, lacunae present sensu 
O. macramphis Blome and Riemann, 1994. Nerve ring: 
distinct, 50% oesophagus length. Spicules : distinct, 
arcuate, large bilobed cephalations. Supplements : 24, 
S-shaped, equally-sized. Testis : single outstretched, left 
of intestine. 

Female (paratypes) 

Similar to holotype, slightly less hirsute. Ovaries: 
paired, opposed, reflexed, left of intestine. 

HABITAT 

All type specimens for Onyx cephalispiculus were 
collected subtidally in the predominantly marine lower 
Swan River Estuary. Sediment had heterogeneous 
grainsize with low to moderate particulate organic 
content. 

REMARKS 

An annotated list of Onyx species is presented 
in Blome and Reimann (1994) which presents a 
summary of the diagnostic characters of the eight 
species previously described for the genus, to which O. 
cephalispiculus (and O. potteri sp. nov., see later) should 
now be added. 

Onyx cephalispiculus most resembles Onyx 
Sagittarius in that the males of both species possess 
up to 24 strongly cuticularised, S-shaped, precloacal 
supplements; a feature which distinguishes these two 
species from all of the other known species of this 


genus. Onyx cephalispiculus can be discriminated 
from O. Sagittarius by the shapes of both the spicules 
and gubernaculum. The spicules of O. cephalispiculus 
are strongly arcuate and cephalated, with the 
cephalation being abscised laterally giving it a bi¬ 
lobed appearance while those of O. Sagittarius are 
non-cephalated and not as strongly arcuate. Also, the 
gubernaculum and its dorsal apophysis are larger and 
more robust for the present species than depicted for 
O. Sagittarius. The post cloacal, subventral cuticular 
elevations noted for O. Sagittarius are absent on 
the present species. The fields of short setae in the 
cervical region of individuals of both sexes are a 
unique feature of this species. 

ETYMOLOGY 

The species epithet ‘cephalispiculus’ reflects the 
distinctive cephalations of this species’ spicules, which 
are unique within the genus Onyx. 

Onyx potteri sp. nov. 

Figures 7A-D, Table 8 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Leighton Beach 
(32°01'43"S, 115°44’51 M E), 30 January 2001, M. Hourston 
(WAM V7456). 

Paratypes 

Australia: Western Australia: 1 4 juveniles, 

Leighton Beach (32°01'43"S, 115°44'5r'E), 30 January 
2001, M. Hourston (WAM V7456). 

DIAGNOSIS 

Onyx potteri is the only Onyx species to exhibit 
spicules which are distinctly constricted as depicted in 
Figure 7c. Furthermore, except O. dimorphus Gerlach, 
1963 it is only 1 of 2 species with 10 tubular precloacal 
supplements. Onyx dimorphus displays marked sexual 
dimorphism in amphid structure where as O. potteri 
does not. 

DESCRIPTION 
Male (holotype) 

Body: moderately long, slim, dark brown. Cuticle: 
fine distinct annulations, posterior of amphid to tail tip. 
Amphid: anterior placement, conspicuous, spiral, 2.75 
turns. Setation: Cephalic; 2 crowns, 6 short anterior, 4 
longer posterior. Sub-cephalic; 8, at posterior amphid 
edge. Cervical; irregular, long, over oesophagus. 
Somatic; short, fine, irregular, sparse. Terminal; absent. 
Dorsal spines: dorsal file, caudal region, regular wide 
spacing. Most very short (3 pm), two long on tail (20 
pm), Cloacal thorn: present, minute. Buccal cavity: cup 
shaped, lightly sclerotised, distinct rugae. Dorsal tooth: 
well developed, hollow, sclerotised. Oesophagus: well 
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FIGURE 7 


Onyx potteri sp. nov.: A, head and oesophageal region of holotype; B, head of paratype female; C, caudal 
region of holotype; D, total body of paratype male. 
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TABLE 8 Morphological measurements for the holotype of Onyx potteri, as well as those for the female paratype 
and the range of measurements for the juvenile paratype specimens. 

Holotype Paratype $ Paratype. Juv 


Body length (mm) 


1.112 

0.776 

0.660-0.839 

a 


39.7 

26.8 

25.3-33.5 

b 


8.1 

5.6 

5.8-7.0 

c 


13.7 

12.9 

10.4-12.1 

Head diameter 


20 

21 

18-23 

Setae length: 

Labial 

4 

3 

3-3 


Cephalic 

14 

11 

9-14 


Subcephalic 

9 

6 

6-10 

Amphid: 

from ant 

- 

2 

1-7 


length/width 

8/8 

8/8 

7/8-10/10 


cbd 

21 

18 

17-21 

Nerve ring: 

from ant 

63 

67 

60-63 


cbd 

23 

28 

21-25 

Oesophagus length 


137 

138 

106-125 

Max diameter 


28 

29 

25-26 

Vulva: 

from ant 

- 

426 

- 


V(%) 

- 

55 

- 


cbd 

- 

29 

- 

Spicule length (arc) 


50 

- 

- 

ABD 


27 

23 

20-21 

Tail length 


81 

60 

60-69 


developed anterior/posterior bulbs, narrow isthmus, 
posterior bulb elongate, lacunae absent, non-sclerotised, 
cardia absent. Spicules : moderately sclerotised, slender, 
distinct angle, simple distal tip, distinct constriction, 
small proximal cephalations. Supplements : 10; posterior 
eight well defined, closely spaced, thick surrounding 
cuticle, anterior two inconspicuous, set apart, thin 
surrounding cuticle. Gubernaculum : oval, sclerotised 
posterior margin, surrounds spicule tips. Testis : single, 
left of intestine. 

Female (paratype) 

Similar to holotype. Amphid : similar dimensions, 
2.5 turns. Ovaries : paired, opposed, reflexed, left of 
intestine. Uteri each contain a single large elongate egg 
(80 x 25 pm). 

HABITAT 

The type specimens were collected from nearshore 
marine waters along the lower west coast of Western 
Australia during the study by Hourston et al. (2005). The 
individuals were present in the calcareous sediments at 
the relatively high-energy site (Leighton Beach). 

REMARKS 

According to the annotated list of Onyx species in 


Blome and Reimann (1994) only O. dimorphus also has 
ten tubular precloacal supplements. Onyx dimorphus 
is further described as having sexually dimorphic 
amphid structure, and depicted as relatively hirsute. 
This is in contrast to O. potteri in which the sexes 
have similar amphids, and are comparatively glabrous. 
Furthermore, there are no described species of Onyx 
that have spicules with the distinct constriction below 
the cephalation. 

ETYMOLOGY 

This species is dedicated to Prof. Ian Potter for his 
major contribution to marine and estuarine research in 
Western Australia. 

Subfamily Stilbonematinae Chitwood, 1936 
Genus Eubostrichus Greet, 1869 

Eubostrichus Greef, 1869: 117. 

TYPE SPECIES 

Eubostrichus filiformis Greef, 1869, by subsequent 
designation of Stiles and Hassal (1905). 
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FIGURE 8 Eubostrichus otti sp. nov.: A, head and oesophageal region of holotype; B, head of paratype female; C, 
caudal region of holotype; D, total body of paratype female. 
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TABLE 9 Morphological measurements for the holotype of Eubostrichus otti ap. nov., as well as the range of 
measurements for the female and juvenile paratype specimens. 

Holotype Paratype $ Paratype Juv 


Body length (mm) 


3.230 

2.314-3.147 

1.239-2.678 

a 


134.5 

96.4-125.2 

72.8-127.5 

b 


27.3 

24.8-33.1 

14.7-29.4 

c 


36.2 

24.3-36.6 

16.5-28.7 

Head diameter 


18 

15-20 

13-15 

Setae length: 

Cephalic 

15 

15-20 

8-14 


Subcephalic 1 

15 

10-14 

4-12 


Subcephalic 2 

14 

8-12 

9-14 

Amphid: 

from ant 

2 

0-2 

2-3 


length/width 

16/12 

7/7-8/10 

6/7—8/9 


cbd 

18 

15-20 

13-15 

Nerve ring: 

from ant 

64 

63-71 

54-70 


cbd 

22 

21-24 

16-23 

Oesophagus length 


118 

93-109 

88-93 

Max diameter 


24 

24-30 

17-21 

Vulva: 

from ant 

- 

1142-1746 

- 


V(%) 

- 

52-61 

- 


cbd 

- 

24-30 

- 

Spicule length (arc) 


43 

- 

- 

ABD 


24 

16-18 

12-14 

Tail length 


89 

86-95 

75-83 


Eubostrichus off/sp. nov. 

Figures 8A-D, Table 9 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Pelican Point 
(32 o 01'43"S, 115 0 44'51"E), 7 February 2005, M. Hourston 
(WAM V7457). 

Paratypes 

Australia: Western Australia : 1 $, Pelican Point 
(31°59'14"S, 115°49'28"E), 9 April 2005, M. Hourston (WAM 
V7457); 2 Applecross (32°00’38 ,, S, 115°49’44 ,, E), 9 April 
2005, M. Hourston; 3 juveniles, Chidley Point (32°01’03"S, 
115°46'52"E), 8 April 2005, M. Hourston. 

DIAGNOSIS 

Eubostrichus otti is most similar to E. topiarus 
Berger et al., 1996 but is approximately half the size. 
Also the cephalic setation is divergent, with E. otti 
having an anterior cephalic crown of eight setae and 
a posterior of four (8+4), which is the opposite to E. 
topiarus which has 4+8. The other similar species, 


E. longisetosus Berger et al., 1996 and E. africanus 
Muthumbi et al., 1995, which both have both 4+4. 

DESCRIPTION 
Male (holotype) 

Body : extremely elongate, slender, colourless. Cuticle : 
fine indistinct annulations, sickle-shaped epibiotic 
bacteria. Amphid : large, oval, single loop. Setation : 
Labial; obscured. Cephalic; eight long, anterior margin 
of amphid. Sub-cephalic; four, long, mid-amphid, 
sublateral. Cervical; eight, long. Caudal; all c. 8 pm 
long, 1 pair subventral-precloacal, five pairs subventral- 
postcloacal, one pair lateral-postcloacal, one double 
pair lateral-subterminal. Somatic; absent. Buccal 
cavity, minute, unarmed. Oesophagus : very narrow, 
non-muscular, distinct round posterior bulb, cardia 
absent. Tail, conico-cylindrical. Spicules : evenly arcuate, 
slim, well defined, proximal cephalations notched. 
Gubernaculum : small, narrow, conspicuous sickle¬ 
shaped dorsal apophysis. Testis : single, outstretched, 
right of intestine 

Female (paratype) 

Similar to holotype in cuticular ornamentation and 
epibionts. Differences to holotype. Body, substantially 
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longer. Tail : relatively longer. ABD : relatively narrower. 
Amphid : much smaller. Cephalic setation : posterior 
cephalic at posterior edge of amphid (Figures 8a v. 
8b). Caudal setation : absent. Ovaries : paired, opposed, 
reflexed, right of intestine. 

HABITAT 

All of the type material for Eubostrichus otti was 
collected from sediment cores taken from the saline, 
lower/middle reaches of the Swan River Estuary in 
Melville Water. Individuals of this species were present 
in only a few samples and never in large quantities. 
Specimens were found in sediment types ranging from 
coarse biogenic sands to fine muds. All specimens found 
have been lodged as type material. 

REMARKS 

The bacterial coat of the holotype specimen covers 
only small areas of the body; however, inspection of the 
paratype material suggests that in life, the coat would 
have covered the majority of the body. 

Notably, one of the juvenile paratype specimens hosted 
two different types of epibiont. It was covered by the 
crescent shaped epibionts on the posterior half of the 
body, while the anterior half was covered with a coccoid 
species, similar to those displayed by Catanema australis. 

Of the members of the subfamily Stilbonematinae, 
Eubostrichus otti most resembles E. topiarius, sharing 
features such as amphid, spicule and gubernaculum 


structure, cuticle ornamentation, crescent-shaped 
epibionts and caudal setation arrangement. However 
these two species are distinct, with the most conspicuous 
discriminating feature being the size of adults, which is 
up to 6 mm in E. topiarius while the largest individual 
found for the presently described species was only 3.2 
mm. Additionally, the different arrangement of anterior 
setation is a notable divergence. 

ETYMOLOGY 

This species is named after Prof. Jorg Ott in 
recognition of his pioneering work with stilbonematids. 

Genus Catanema Cobb, 1920 

Catanema Cobb, 1920: 271. 

TYPE SPECIES 

Catanema exilis Cobb, 1920, by original designation. 

Catanema australis sp. nov. 

Figures 9A-F, Table 10 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Penguin Island 
(32°18'25"S, 115°41'30"E), 10 February 2001, M. 
Hourston (WAM V7458). 


TABLE 10 Morphological measurements for the holotype of Catanema australis sp. nov., as well as the range of 
measurements for the female and male paratype specimens. 

Holotype Paratype $ Paratype c? 


Body length (mm) 


2.166 

2.750-3.217 

2.110-2.529 

a 


77 

88.7-103.7 

78.1-97.2 

b 


26 

23.9-33.5 

23.7-24.5 

c 


25 

28.9-36.5 

25.7-30.7 

Head diameter 


19 

21-23 

19-22 

Setae Length 

Cephalic 1 

15 

12-14 

11-11 


Cephalic 2 

6 

4-5 

5-5 


Cervical 

4 

3-4 

3-3 

Nerve ring: 

from ant 

52 

53-65 

51-51 


cbd 

24 

25-28 

22-25 

Oesophagus length 


82 

96-115 

89-103 

Max diameter 


28 

30-31 

26-27 

Vulva: 

from ant 

- 

1810-1490 

- 


V(%) 

- 

54-57 

- 


cbd 

- 

30-31 

- 

Spicule length (arc) 


38 

- 

33-39 

ABD 


26 

20-21 

26-26 

Tail length 


87 

86-95 

82-84 





FIGURE 9 Catanema australis sp. nov.: A, head and oesophageal region of paratype female; B, head and cervical 
region of holotype showing GSOs; C, caudal region of holotype; D, total body of paratype female; E, 
paratype female midbody showing GSOs; F, caudal region of paratype female showing epibionts. 
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Paratypes 

Australia: Western Australia: 3 S, 3 & Penguin 
Island (32°18'25"S, 115°41’30 ,, E), 10 February 2001, M. 
Hourston (WAM V7458). 

Other material examined 

Australia: Western Australia: 5 S, 5 % Penguin 
Island (32°18'25"S, 115°41'30"E), 10 October 2001, M. 
Hourston (bulk mounted specimens). 

DIAGNOSIS 

Catanema australis is most similar to C. exilis 
Gerlach, 1963 in the location of the amphid and 
arrangement of the cephalic setae. The species are 
distinguished by C. australis possessing no supplements 
and only four pairs of normal setae or spines on the tail, 
whereas C. exilis has seven pairs of subventral, tubular, 
postcloacal supplements. 

DESCRIPTION 
Male (holotype) 

Body : extremely elongate, slender, dark brown. 
Cuticle : indistinct ornamentation, obscured, coccoid 
epibiotic bacteria. Amphid : extreme anterior, obscured, 
corpus gelatum conspicuous. Setation : Anterior 
cephalic; 4. Subcephalic; 8. Cervical; four. Somatic; 
absent. Caudal; 4 unpaired ventral preclocal, 4 pairs 
subventral post cloacal. Buccal cavity, minute, unarmed. 
Oesophagus : muscular anterior bulb surrounding buccal 
cavity, narrow isthmus, small posterior bulb. Glandular 
sensory organs (GSOs): present, no associated spines, 
largest and most numerous in ventral cervical region. 
Spicules', evenly arcuate, short, very slender, proximally 
cephalate. Gubernaculum : small, block-shaped caudal 
apophysis. Testis : single, outstretched, right of intestine 

Female (paratypes) 

Similar to holotype in cuticular ornamentation and 
epibionts. Differences to holotype. Body, substantially 
longer. Caudal setation : absent. GSOs: large and 
numerous near vulva as well as cervical region. Ovaries: 
paired, opposed, reflexed, right of intestine 

HABITAT 

Catanema australis occurs in marine sediments, type 
specimens were collected at a low energy beach with 
high sedimentary organic material. See locality details 
in Hourston et al. (2005) under the incorrect designation 
‘Leptonemella sp.’ 

REMARKS 

Confusion exists as to the validity of the genus 
Catanema and whether its species should be reassigned 
to Leptonemella. Until the taxonomic issue is resolved, 
this species remains within Catanema since it meets 
the generic diagnostic criteria of an unarmed and 
minute buccal cavity enclosed in a muscular anterior 
oesophageal bulb, in contrast to Leptonemella, which 


has no anterior oesophageal bulb. 

Catanema australis is most similar to C. exilis in 
the extreme anterior position of the amphids (anterior 
to the four long cephalic setae) and the fact that the 
subcephalic and subamphidial seate (terminology of 
Platt and Zhang 1982) comprise a single circle of eight 
at the same level (collectively termed Subcephalic in 
the above description). The form of the amphids cannot 
be ascertained, but their location is indicated by the 
origin of the corpus gelatum, which is extruded in 
most specimens. In contrast, C. exilis has seven pairs 
of prominent subventral tubular supplements on the 
male tail, whereas C. australis has only four pairs of 
apparently normal setae or spines. 

GSOs, similar to those described for Eubostrichus 
topiarus by Berger et al. (1996), are present but are not 
associated with hollow spines nor any visible setae as 
were those that latter species. GSOs are present over 
the majority of the body, but tend to be more numerous, 
larger and more closely spaced on the ventral surface in 
the cervical region of the male type specimens (Figure 
9b v. 9e) than on the rest of the body, and additionally, 
near the vulva in female paratypes. 

ETYMOLOGY 

This species is named to reflect its southern 
hemispheric distribution in comparison to the northern 
hemispheric distribution of its described congeners. 

Genus Leptonemella Cobb, 1920 

Leptonemella Cobb, 1920: 244. 

TYPE SPECIES 

Leptonemella cincta Cobb, 1920, by monotypy. 

Leptonemella peronensis sp. nov. 

Figures 10A-E, Table 11 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Point Peron 
(32°16'08"S, 115°41'34"E), 14 February 2005, R. 
Caccianiga (WAM V7459). 

Paratypes 

Australia: Western Australia: 1 S, 1 $, Point 
Peron (32°16’08"S, 115°4r34"E), 14 February 2005, R. 
Caccianiga (WAM V7459). 

DIAGNOSIS 

Leptonemella peronensis is most similar to L. 
granulosa Boucher, 1975 but differs in its non-granular 
cephalic capsule and a shorter tail. Furthermore, L. 
peronensis has 2 precloacal, 4 postcloacal and one 
double pairs of setae near the tail tip, in contrast to L. 
granulosa which has seven post cloacal pairs of setae. 
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TABLE 11 Morphological measurements for the holotype of Leptonemella peronensis sp. nov., as well as those for 
the female paratype specimen. 


Holotype Paratype $ 


Body length (mm) 


2.040 

3.113 

a 


68.1 

103.7 

b 


20.6 

27.1 

c 


25.2 

30.2 

Head diameter 


24 

26 

Setae length: 

Cephalic 1 

23 

23 


Cephalic 2 

13 

18 


Cervical 

4 

12 

Nerve ring: 

from ant 

47 



cbd 

28 


Oesophagus length 


99 

115 

Max diameter 


30 

30 

Vulva: 

from ant 

- 

2 


V(%) 

- 

53 


cbd 

- 

28 

Spicule (arc) 


40 

- 

ABD 


27 

24 

Tail length 


81 

103 


DESCRIPTION 
Male (holotype) 

Body : very elongate, slender, dark brown. Cuticle: 
coarse regular annulations. Tail : short, conical. 
Amphid : extreme anterior, obscured. Cephalic capsule: 
distinct, smooth. Setation : Labial; obscured. Anterior 
cephalic; four, 23 pm. Posterior cephalic, six, 13 pm. 
Cervical; eight, 4 pm, on cephalic capsule. Caudal; 
one pair subventral preclocal, four pairs subventral 
postcloacal, two pairs subdorsal post cloacal, one double 
pair subterminal. Buccal cavity, minute, unarmed. 
Oesophagus : narrow, poorly developed anterior and 
posterior bulbs. Spicules : strongly arcuate, cuticularised, 
distinct cephalation. Gubernaculum : narrow, parallel to 
posterior of spicules, apophysis absent. Testis : single, 
outstretched, right of intestine. 

Female (paratype) 

Similar to holotype in body morphology, cuticular 
ornamentation, setation pattern. Differences to holotype. 
Body: longer ($ = 3.1 mm v. S = 2.04 mm). DeMan 
a: greater (§ - 103 v. S = 68). Tail : relatively longer. 
Caudal setation : absent. Ovaries: paired, opposed, 
outstretched, right of intestine. 

HABITAT 

Type specimens were collected from a low energy, 
shallow, near-shore marine environment at Point Peron, 
south-western Australia. The sediment was relatively 


coarse and calcareous, and contained appreciable 
amounts of seagrass detritus. 

REMARKS 

In contrast to many other species of Stilbonematinae, 
the type specimens of the present species lack any 
sheath of epibionts. It is not implicit that this sheath does 
not occur on individuals of this species, only that it is 
absent for the described individuals in their preserved 
state. 

This species is similar to L. granulosa in many 
respects. The only appreciable differences are the 
surface texture of the cephalic capsule, the tail 
length and the circum-cloacal setation. Leptonemella 
peronensis does not have the noticeably granular 
cephalic capsule which is characteristic of L. granulosa. 
Furthermore, L. peronensis has a shorter tail than that 
described for L. granulosa, particularly males where 
it is only 3 ADB compared to 5.6 ABD. The holotype 
of L. granulosa is depicted as having 7 pairs of short 
post-cloacal spines on the subventral surfaces and none 
anterior to the cloaca, whereas L. peronensis has two 
pre-cloacal pairs of setae, only four post-cloacal pairs 
and a double pair near the tail terminus. 

ETYMOLOGY 

This species is named after its type locality, Point 
Peron, Western Australia. 
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FIGURE 10 Leptonemella peronensis sp. nov.: A, diagram of the arrangement of anterior cephalic (+), posterior 
cephalic ( A ), and cervical (*) setation, not to scale. Setation symbology is consistent through the remainder 
of Figure 10; B, caudal region of holotype; C, head and oesophageal region of paratype female; D, head 
and oesophageal region of holotype; E, total body of paratype female. 
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ABSTRACT - Tetrapocillon patbergquistae sp. nov. is described from Australia. The new species forms 
thick encrustations to low mounds, it has a soft and fragile texture, and is distinguished from other 
species of the genus by the presence of two different size classes of tetrapocilli and by small spiny 
isochelae. Two species, T. novaezealandiae Brondsted and T. minor Pulitzer-Finali are reported from 
Australia for the first time, and are redescribed with reference to type and new material. A neotype 
is designated for T. novaezealandiae. The only other presently recognized extant species worldwide, 
T. kurush imen sis Tan ita and T. atianticusM an Soest are discussed in relation to the Australian species. 


KEYWORDS: taxonomy, systematics, sponges, Porifera. 


INTRODUCTION 

The sponge genus Tetrapocillon was established by 
Brondsted (1924) for the species T. novaezealandiae, 
a temperate species recorded from New Zealand. The 
species was later found in South Africa (Levi 1963), 
and was redescribed with additional locality records 
in New Zealand (Bergquist and Fromont 1988), but 
had not been recorded from elsewhere, including 
Australia. A further three species have been recorded 
in the genus: Tetrapocillon kurushimensis Tanita, 1961 
from Kurushima Strait, Seto Sea, Japan; T. atlanticus 
Van Soest, 1988 from the Cape Verde Archipelago, SE 
Atlantic Ocean; and T. minor Pulitzer-Finali, 1993 from 
Zanzibar, east Africa. 

Tetrapocillon has a global distribution with one 
temperate species T. novaezealandiae known from the 
southern hemisphere, and three tropical species. Of 
the tropical species, T. atlanticus and T. kurushimensis 
occur in the northern hemisphere, while T. minor was 
found in the Indian Ocean (southern hemisphere), and 
more recently in Laing Island, Papua New Guinea 
(Pulitzer-Finali 1996). The distributions of at least two 
of the species, Tetrapocillon novaezealandiae and T. 
minor are disjunct, with no connecting records between 
New Zealand and South Africa for the former, and 
Zanzibar and Papua New Guinea for the latter. 

Prior to this study, the genus was known to be 
represented in Australia only from three figures of 
tetrapocilli from an undescribed sponge collected 
in Fremantle, Western Australia (Bowerbank 1864). 


Bowerbank did not formerly name the material 
he examined, only commenting on the unusual 
microscleres present. A later report of Tetrapocillon 
novazealandiae from Victoria and Tasmania (Hooper 
and Wiedenmayer 1994) was an error (J. Hooper, 
pers. comm.). This paper reports the occurrence of the 
genus Tetrapocillon in Australia for the first time in 
both tropical and temperate localities. A new species 
is described and new locality records are given for T. 
novaezealandiae and T. minor. 

MATERIALS AND METHODS 

Preserved material from various museums (listed 
at the end of this section) was examined during the 
course of this study. Newly collected specimens were 
preserved in 70% ethanol. Skeletal structure and spicule 
morphology were examined using light microscopy and 
scanning electron microscopy (SEM). Spicules were 
prepared by boiling small pieces of sponge (including 
the ectosome and choanosome) in concentrated nitric 
acid, followed by two consecutive washes with both 
distilled water and absolute alcohol. The resulting 
spicule extracts were dried on a glass slide and mounted 
in Shandon EZ-Mount (Thermo Electron Corporation). 
Spicule dimensions were determined by measurement 
of 20 randomly selected spicules per specimen using 
an eyepiece graticule with an Olympus BX50 or Leica 
DME microscope. Clean spicules were spread on 
coverslips attached to SEM stubs, dried at 70°C and 
sputter coated with gold prior to examination with a 
JEOL JSM 5610LV scanning microscope, operating 
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between 15-21 kV. Images were recorded electronically. 

The skeleton was prepared for examination by cutting 
a representative section at right angles to the surface 
of the sponge. The section was dehydrated through an 
ascending ethanol series, cleared in Histolene (Fronine 
Laboratory Supplies) and infiltrated in paraffin wax 
(Shandon Histoplast) using an automatic tissue processor 
on a nine hour cycle. The sponge tissue was further 
infiltrated with paraffin under a vacuum of 635 mm Hg 
for 30 min prior to embedding. Blocks were sectioned 
at 90 pm thickness with a Leitz slide microtome, and 
section rolling was eliminated by placing filter paper, 
moistened with distilled water, on top of the paraffin 
block. Sections were placed on a glass slide smeared 
with egg albumin for adhesion, dried overnight at 60°C, 
and dehydrated in two changes of Histolene. Sections 
were mounted in Shandon EZ-Mount and examined 
using light microscopy. Images were recorded with a 
Leica DFC420 camera on a Leica DME microscope and 
saved electronically. 

The specimens examined for this study are lodged 
in the following institutions: Coral Reef Research 
Foundation, Palau (CRRF, specimens prefixed with 
OCDN and 0M9H codes), Museo Civico di Storia 
Naturale, Genova, Italy (MSNG); Museum and Art 
Gallery of the Northern Territory, Darwin, Australia, 
formerly Northern Territory Museum (NTM); Museum 
of New Zealand Te Papa Tongarewa, Wellington, New 
Zealand (NMNZ); Showa Memorial Institute, National 
Museum of Nature and Science, Ibaraki, Japan (NSMT); 
Queensland Museum, Brisbane, Australia (QM); 
Western Australian Museum, Perth, Australia (WAM); 
Zoological Museum of the University of Amsterdam, 


The Netherlands (ZMA); and Zoological Museum, State 
National History Museum of Denmark, University of 
Copenhagen, Copenhagen, Denmark (ZMUC). 

SYSTEMATICS 

Order Poecilosclerida Topsent, 1928 

Suborder Mycalina Hajdu, Van Soest and 
Hooper, 1994 

Family Guitarridae Dendy, 1924 
Tetrapocillon Brondsted, 1924 

TYPE SPECIES 

Tetrapocillon novaezealandiae Brondsted, 1924 by 
monotypy. 

Tetrapocillon novaezealandiae Brondsted, 1924 

Figures 1, 2A, 3-4 

Tetrapocillon novaezealandiae Brondsted, 1924: 456, figure 
15; Levi 1963: 25, figure 26, plate 2 figure J; Bergquist 
and Fromont 1988: 46, plate 17 figures E, F, plate 18 
figures A, B, Hooper and Wiedenmayer 1994: 179. 

MATERIAL EXAMINED 
Neotype 

New Zealand: Auckland : single specimen fragmented 
into 9 pieces, Anchor Bay, Tawaharanui Peninsula, 
East of Warkworth, 36°22.2'S, 174°50.50'E, 5 m depth, 



FIGURE 1 Map of distributions of Australian species of Tetrapocillon. 
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FIGURE 2 A, Tetrapocillon novaezealandiae, specimen from Tasmania in situ (QM G321493); B, T. minor, specimen 
from Zanzibar (0CDN3554-W) in situ ; C, holotype of T. patbergquistae (NTM Z005698) in situ ; D, specimen 
of T. patbergquistae from Nightcliff Bommies, Darwin Harbour population. Photos: A, Aquenal Pty Ltd; B, 
Patrick Colin; C, Belinda Alvarez; D, Huy Nguyen. 


collectors, date of collection and method of collection 
unknown (NMNZ PO.252). 

Other material 

South Africa: Western Cape Province: 1 piece, 
station KNY 17, channel west of Leisure Isle, Knysna 
Estuary, 34°04.16'S, 23°03.18'E, 12 m depth, collectors 
and method of collection unknown, 15 July 1947 
(fragment from ZMUC collections). 

Australia: Tasmania: 1 specimen, Simpson Point, 
Tasmania, 43°14.38'S, 147°17.24'E, 12 m depth, A. 
Davey and R. Mawbey, SCUBA, 7 September 2004 (QM 
G321493). 

DIAGNOSIS 

Tetrapocillon novaezealandiae is characterised by 
being thickly encrusting and tending to form small, 
discrete flat mounds, a dark brown to black surface and 
yellow to orange interior, microscleres consisting of two 
sizes of tetrapocilli (mean 31 x 23 and 49 x 31 pm, n 
= 80), isochelae of two forms (mean 12.5 pm, n = 40), 
and slightly undulating styles as megascleres (mean 289 
x 5.5 pm, n = 40). Skeleton a loose reticulation, with 


spicule brushes at the surface. 

DESCRIPTION 

Habitus as in Figures 2A and 3A. Thick encrusting to 
low mound with a smooth surface. Dimensions of New 
Zealand specimen (largest piece): length 400 mm, width 
400 mm, thickness less or equal to 40 mm. Oscules 
apical, rare, small, less than 0.5 mm wide in preserved 
sponges. Surface smooth, velvety and granular in 
appearance. Texture soft and slightly compressible, more 
firm and pliable in the dermal region, more crumbly 
mesohyl. Colour : in the live state jet black exterior, 
bright orange-yellow interior; in ethanol black to brown- 
black exterior, light brown interior. 

General organization : (Figure 3B). Ectosomal 
skeleton up to 550 pm in thickness includes a pigmented 
layer with numerous dark pigmented cells. Brushes of 
styles forming apical fans project approximately 30 
pm beyond the surface. Primary tracts (~50 pm thick) 
branch beneath the surface forming two or three spicule 
brushes. Choanosome consists of irregular tracts of 
styles beneath the ectosome becoming an haphazard 
reticulation internally. Tetrapocilli of both sizes are 
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throughout the choanosome and around canals. 

Spicules (Figures 3C, 4A-D). Megascleres are slender 
styles that tend towards subtylostylote forms (Figure 3C), 
of uniform size, usually slightly undulating, with long 
tapering points (Table 1). Microscleres include two sizes 
of tetrapocilli: small category is compact with relatively 
thick plates covered with spines up to 0.5 pm long, and 
central plates usually completely joined in the neotype 
(Figure 4A), but occasionally not joined at the edges (e.g. 
QM G321493); large category with splayed and thinner 
plates also covered with tiny or rudimentary spines along 
the internal edges (Figure 4B). Palmate acanthoisochelae 
(i.e. following the terminology of Lerner et al. [2004] 
for spiny isochelae) of two forms of similar length but 
different widths. One form with a relatively shorter and 
slightly curved shaft, uniformly covered with clusters 
of fine spines (Figure 4C). Second form with a long and 
straight shaft, irregularly covered with spines in clusters, 
supporting helmet-like alae irregularly covered with 
spines approximately 0.5 pm long. Short or rudimentary 
spines aggregated in clusters of irregular shape along the 
edges of the alae (Figure 4D). 


REMARKS 

The type specimen of Tetrapocillon novaezealandiae 
is lost although extensive searches in the ZMUC have 
been undertaken at various times in the last decade to 
find it. Only a single specimen was examined when 
the species was described, and no microscope slides or 
any parts of this specimen now exist (O. Tendal, pers. 
comm.). Brondsted did not label his specimens and did 
not make permanent spicule slides, and the material was 
not loaned to other researchers or institutes (O. Tendal, 
pers. comm.). Brondsted’s specimens were stored in a 
single drum in formalin in the ZMUC, which has caused 
complete dissolution of some specimens (P. Bergquist, 
pers. comm.), and this is likely to have contributed 
to the loss of the holotype of T. novaezealandiae. 
New characters found in this study, two sizes and 
forms of tetrapocilli and two forms of isochelae, are 
specific to T. novaezealandiae and were not reported 
by Brondsted (1924). To clarify the specific characters 
for this species, and to ensure a sound taxonomic base 
for further work we here designate a New Zealand 
specimen (NMNZ PO.252) as neotype. Establishment 



FIGURE 3 Tetrapocillon novaezealandiae : A, photograph of neotype (NMNZ PO.252), scale bar = 2 cm; B, 
microphotograph of skeleton, scale bar = 100 pm; C, microphotograph of dissociated spicules, scale bar = 
50 pm. 



TABLE 1 Spicule dimensions of Tetrapocillon novaezealandiae 1 
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? Measurements include both forms of isochelae, which are of a similar length. 
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FIGURE 4 Tetrapocillon novaezealandiae, SEM photographs of microscleres: A, small, regular tetrapocilli (NMNZ 
P0.252), scale bar = 5 pm; B, large, splayed tetrapocilli (QM G321493), scale bar = 10 pm; C, thick 
isochelae (NMNZ P0.252); D, thin isochelae (QM G321493). 


of a neotype from near the type locality in New Zealand 
provides a specimen to assist with future research into 
the distribution of this species which has been found 
throughout the southern ocean, and provides material 
for any future genetic analyses. The neotype specimen 
was collected at Tawaharanui Peninsula (Hauraki 
Gulf) in the shallow subtidal (5 m depth), which is 
65 nautical miles north of the type locality, Slipper 
Island, south-east of the Hauraki Gulf, off Pauanui 
Beach (37°2'56.52"S, 175°56’27.19"E). The holotype was 
collected intertidally. The original type specimen was 
smaller and thinner (30 x 25 x 3 mm; Brondsted 1924) 


than the neotype described here (400 x 400 x 40 mm), 
and specimens described by Bergquist and Fromont 
(1988). A second specimen from New Zealand (NMNZ 
PO.319) is dry and consists of two small pieces collected 
from Great Barrier Island, Hauraki Gulf (B. Marshall, 
NMNZ, pers. comm.). The neotype is a reproductive 
female with developing oocytes. 

We were not able to examine Levi’s material from 
the Iziko South African Museum, Cape Town, but 
did examine a fragment deposited in the Zoological 
Museum, Copenhagen. Levi (1963) figured mainly 
the larger tetrapocilli with splayed terminal plates in 
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his redescription of Tetrapocillon novaezealandiae. 
Brondsted (1924) had considered these to be growth 
phases of the same spicule, with the larger size being 
the mature form. These two different forms can be seen 
in all specimens of T. novaezealandiae examined here 
from New Zealand, Australia and South Africa. This is a 
widespread Southern Ocean distribution for this species, 
and only genetic studies on each of the populations 
could determine if they are truly conspecific. Until these 
studies are undertaken we have no evidence to split this 
species which has consistent morphological characters in 
all specimens examined. 

The isochelae found in this species have two different 
morphologies and are larger (12.5 pm) than the isochelae 
found in the species described below. Bergquist and 
Fromont (1988) noted that oscules are visible in the live 
state, flush with the surface, measuring 0.5-0.8 x 0.2- 
0.4 mm, but that they tend to disappear on preservation. 
Oscules were rare and small in the preserved material 
we examined. 

DISTRIBUTION AND HABITAT 

Tetrapocillon novaezealandiae is found in New 
Zealand, South Africa and Australia in cool temperate 
localities. It is a shallow water species found intertidally 
to 15 m depth on rocky reefs. This species has not been 
found above 33° South. 

Tetrapocillon minor Pulitzer-FinaIi, 1993 

Figures 1, 2B, 5, 6 

Tetrapocillon minor Pulitzer-Finali, 1993: 296, figure 
27; Pulitzer-Finali 1996: 119. 

MATERIAL EXAMINED 
Holotype 

Tanzania: Zanzibar Urban/West: 2 slides (skeletal 
section and dissociated spicules, MSNG 48312), Chapani 
Bay, 6°08.0'S, 39°11.0’E, 2-3 m depth, G. Pulitzer-Finali, 
8 February 1974 (MSNG 48312; remainder of specimen 
lost, Guiliano Doria, pers. comm., but 2 slides intact). 

Other material 

Tanzania: Zanzibar Urban/West: 1 specimen, 
station Zanzibar 02, Morogo Reef, back reef 6 miles 
west of Zanzibar town, 6°11.30’S, 39°07.70’E, 15 m 
depth, Coral Reef Research Foundation, SCUBA, 19 
January 1996 (0CDN3554-W). Papua New Guinea: 
Madang Province : 1 specimen, Laing Island, 4°13.75'S, 
144°56.58'E, 15 m depth, G. Pulitzer-Finali, 13 August 
1986 (MSNG 55060). Madagascar: Antsiranana 
Province : 1 specimen, Nosy Be, Point de la Fievre, 
13°25.25'S, 48°17.3'E, 1 m depth, J.H. Stock, 1 May 
1964 (ZMA Por.15263). Australia: Western Australia: 
3 specimens, North Mole, Fremantle, 32°02.95'S, 
115°43.78'E, 5 m depth, J. Fromont and party, SCUBA, 
7 September 2004 (WAM Z21262-Z21264); 1 specimen, 
station JWAM28/T2, south of Leander, Dongara, 
29°16.77'S, 114°54.61'E, 8 m depth, J. Fromont and party, 
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SCUBA, 15 March 2006 (WAM Z40625). 

DIAGNOSIS 

Tetrapocillon minor is characterised by being 
encrusting to lobate and spreading, delicate and soft, 
tearing and fragmenting easily, with black exterior 
and grey to yellow interior; microscleres two forms of 
tetrapocilli of equivalent size (mean 24 x 17 pm, n = 80), 
tiny isochelae up to 5 pm long, and very thin, slightly 
undulating styles as megascleres (mean 261 x 3 pm, n = 
80). Skeleton an irregular reticulation, with occasional 
wispy spicule brushes at the surface. 

DESCRIPTION 

Habitus as in Figures 2B, 5A. Thin encrusting 
to lobate or spreading with smooth glossy surface. 
Dimensions of Dongara specimen (WAM Z40625): 
length 600 mm, width 400 mm, thickness 10 mm or less. 
Oscules large, apical, rare; not apparent in preserved 
sponges. Surface smooth and glossy. Texture firm 
and compressible or soft and friable in fragmented 
specimens. Colour : in the live state, black exterior, 
greenish yellow or yellow orange interior, in ethanol 
black to black-brown exterior, light fawn to medium 
grey or brown interior. 

General organization (Figure 5B): Ectosomal region 
consists of a thin band (~10 pm wide) of thickened 
mesohyl containing pigment cells. Primary multispicular 
tracts (~25 pm thick) at right angles beneath surface, 
in subectosomal region end in wispy brushes of styles. 
Choanosome irregularly reticulate, abundant styles 
arranged haphazardly, pigment cells throughout. 
Tetrapocilli uncommon throughout mesohyl of type 
slides and Western Indian Ocean material, but common 
around internal canals in Australian specimens. Basally, 
the type skeletal slide has thickened mesohyl with 
occasional curved styles. The specimen (0CDN3554-W) 
collected from Zanzibar on 19 January 1996 was a 
reproductive female with orange eggs. 

Spicules : (Figures 5C, 6A-F). Megascleres: very thin 
styles with long tapering points, straight, occasionally 
curved or slightly undulating and wispy (Table 2). 
Microscleres: two forms of tetrapocilli, regular forms 
are common and compact with relatively thick plates 
(Figure 6A), splayed forms, with thin plates, are rare 
(Figure 6B). Isochelae, transitional series from palmate 
acanthoisochelae with short, thin shaft and alae forming 
shallow caps (Figure 6C, right arrow) to rudimentary 
acanthoisochelae with perforated alae (Figure 6E-F), 
to C-shaped where alae are almost non-existent (Figure 
6C, upper arrow), or occasionally circular where 
rudimentary alae are almost connected centrally (Figure 
6D), with clusters of spines. Isochelae are rare, fragile, 
frequently broken in preparations, tiny, up to 5 pm long, 
only visible with SEM. 

REMARKS 

The majority of the type specimen of Tetrapocillon 
minor was lost during a flood of Genova in 1992 (Borgo 


TABLE 2 Spicule dimensions of Tetrapocillon minor 12 . Isochelae were too small to measure by light microscopy. 
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2 . Measurements include both forms of tetrapocilli, which are of a similar length 
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FIGURE 5 Tetrapocillon minor: A, photograph of specimen from Dongara (WAM Z40625), scale bar = 2 cm; B, 
microphotograph of skeleton of North Mole specimen (WAM Z21262), scale bar = 50 pm; C, spicules of 
North Mole specimen (WAM Z21262), scale bar = 50 pm. 


et al. 1998). A thick section of the skeleton and a slide of 
dissociated spicules made from the type specimen prior 
to the flood were examined in this study and enabled the 
description of the skeletal layout, not provided in Pulitzer- 
Finali’s original description. Pulitzer-Finali (1993) 
described the spicules as oxeas ‘with one end sharp, the 
other dull’, but they are clearly very thin styles. 

This species is characterized by the presence of two 
forms of tetrapocilli that are identical in size, with 
the regular right-angled form clearly more common 
than the splayed form. Other species of Tetrapocillon 
examined here have two forms of tetrapocilli in different 
size categories. Splayed tetrapocilli were figured by 
Pulitzer-Finali (1993) but were not mentioned in his type 


description. 

The small isochelae were not seen with light 
microscopy, but were consistently seen with SEM 
in material of this species and are characteristic for 
Tetrapocillon minor. These spicules are rare, very 
fragile and were frequently broken in SEM preparations. 
They form a morphological transition series from 
palmate acanthoisochelae with complete alae to reduced 
alae with varying degrees of perforation, which can 
become rudimentary to the extent of looking like spiny 
reinforced sigmas. 

Boury-Esnault et al. (1993) reported isochelae-like 
spicules with greatly reduced alae in Guitarra fimbriata 
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FIGURE 6 Tetrapocillon minor. A, regular tetrapocilli (0CDN3554W), scale bar = 5 pm; B, splayed tetrapocilli (WAM 
Z21262), scale bar = 5 pm; C, cluster of isochelae, arrows indicating transitional forms (0CDN3554W), 
scale bar = 2 pm; D, almost circular isochelae with reduced alae (0CDN3554W), scale bar = 2 pm; E-F, 
rudimentary isochelae (WAM Z40625), scale bar = 2 pm. 
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Carter, 1874. Carballo and Uriz (1998) described these 
spicules as spiny sigmoid isochelae in G. fimbriata and 
G. indica Dendy, 1916. These isochelae have reduced 
alae and consequently look like spiny sigmas. Lerner et 
al. (2004) reported spiny isochelae in G. sepia Lerner, 
Hajdu, Custodio and Van Soest, 2004, where the frontal 
alae nearly joined giving a circular appearance to the 
spicule. We have found rudimentary acanthoisochelae 
in Tetrapocillon minor of a similar sigmoid form to 
those described in some species of Guitarra. The alae 
are rudimentary (Figure 6E, F) to non existent (Figure 
6C, upper arrow), to almost connected centrally (Figure 
6D) in T. minor. This transition series from rudimentary 
to non-existent alae has prompted us to describe these 
spicules as isochelae rather than sigmas. 

Pulitzer-Finali (1996) described a specimen of 
Tetrapocillon minor from Papua New Guinea. This 
material (MSNG 55060) is a thin brown encrustation 18 
x 15 x 1.5 mm thick. No dark pigment cells occur in the 
mesohyl which are clearly visible in the type slide and 
other specimens examined of this species. In addition 
the styles are consistently contort and wavy. Such 
spicule morphologies were rare in the type slides and 
this specimen does not belong in T. minor. 

Spicules in specimens of Tetrapocillon minor 
are consistently thin styles, one size range and two 
forms of tetrapocilli, and tiny isochelae. Neither T. 
novaezealandiae nor T. patbergquistae have such thin 
styles and small rudimentary isochelae. 

DISTRIBUTION AND HABITAT 

Tetrapocillon minor is found in Tanzania, Zanzibar, 
Madagascar and the central west coast of Australia 
in warm temperate to sub-tropical localities. It was 
reported from Papua New Guinea by Pulitzer-Finali 
(1996) but we have examined this material and conclude 
that it is not conspecific with T. minor. This is a 
widespread Indian Ocean, shallow water, species found 
intertidally to 15 m depth on rock and coral reefs north 
of 32° latitude. 

Tetrapocillon patbergquistae sp. nov. 

Figures 1, 2C, D, 7, 8 

MATERIAL EXAMINED 
Holotype 

Australia: Northern Territory: 1 specimen, Middle 
Arm, Sand Island, Darwin Harbour, 12°35.291'S, 
130°52.264'E, 5-8 m depth, B. Alvarez and party, 
SCUBA, 7 September 2003 (NTM Z005698). 

Paratypes 

Australia: Northern Territory: 1 specimen, Wickham 
Point, Darwin Harbour, 12°30.12'S, 130°52.39'E, 5-8 
m depth, B. Alvarez and party, SCUBA, 15 September 
2002 (NTM Z005204; 0M9H2296-N); 1 specimen, 
Nightcliff Bommies, off Nightcliff jetty, 12°22.751'S, 
130°50.116'E, 5-8 m depth, M. Browne, SCUBA, 
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8 August 2003 (NTM Z005205; 0M9H2563-C); 3 
specimens, Middle Arm, Sand Island, 12°35.283'S, 
130°52.260'E, 7 m depth, B. Alvarez, 9 September 
2004, (NTM Z004199-Z004200, WAM Z21999 [ex 
NTM Z004201]); Queensland: 1 specimen, inshore 
of Fantome Island, Great Barrier Reef, 18°24.43'S, 
146°30.26'E, 19 m depth, N.J. Pilcher, SCUBA, 6 June 
1989 (QM G311114), on flat mud; Western Australia : 
1 specimen, station 17, Wilcox Island, Dampier 
Archipelago, 20°27.09’S, 116° 50.44’E, intertidal, J. 
Fromont, 23 October 1998 (WAM Z3191); 1 specimen, 
station 20 Collier Rocks, Dampier Archipelago, 
20°24.81'S, 116°50.68'E, intertidal, J. Fromont, by hand, 
24 October 1998 (WAM Z3241). 

DIAGNOSIS 

Tetrapocillon patbergquistae is characterised by being 
thickly encrusting to forming low mounds with a grey 
finely patterned to black smooth surface and green- 
yellow to orange-yellow colour internally. Consistency 
very soft, fragile, collapses and may fragment out of 
water, microscleres consist of two sizes of tetrapocilli 
(mean 30 x 23 pm and 54 x 33 pm, n = 80), small 
isochelae 7-8 pm long, and megascleres are straight 
styles (mean 281 x 5 pm, n = 80). Skeleton irregularly 
reticulated with an incomplete ectosomal palisade. 

DESCRIPTION 

Habitus as in Figures 2C, D. Thick encrusting to 
low mounds. Individuals grow in patches of 70-200 
mm diameter and 50 mm thick. Surface is smooth 
in black specimens or granular and finely marked by 
the reticulation of the choanosomal skeleton in grey 
specimens found at Sand Island. Oscules up to 5 mm 
in diameter with elevated membranous rims. Texture 
very soft and fragile; collapses completely out of water 
and may fragment. Consistency of Nightcliff, Fantome 
and Dampier specimens, very delicate and fragile; soft 
and inflated underwater. Sand Island specimens more 
compact and tough. Colour: live colouration black or 
grey (Sand Island specimens); green-yellow or orange 
yellow internally, grey-black throughout in ethanol. 

General organization (Figure 7A, B). Ectosomal 
skeleton thin, forming an incomplete palisade. 
Choanosomal skeleton irregularly reticulated with 
round to polygonal meshes, becoming loose internally 
and obscured by pigment cells. Primary multispicular 
tracts diverge to surface, are nearly perpendicular in 
subectosomal region and end in spicule brushes forming 
a palisade. 

Spicules (Figures 7C, D, 8). Megascleres: thin styles 
with hastate or angulate ends, always straight (Table 
3). Microscleres: tetrapocilli abundant throughout the 
choanosome in two size categories. Smaller tetrapocilli 
approximately 29-31 pm long with plates thick and 
rounded, closely spaced and densely covered with 
tiny spines (3-4 pm) on inner faces of plate; middle 
plate slightly thicker and wider (19-22 by 6 pm) than 
terminal plates (16-19 by 3-4 pm) (Figure 8A). Larger 
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FIGURE 7 Tetrapocillon patbergquistae, skeletal organisation and spicules: A, holotype (NTM Z005698), scale bar = 
500 pm; B, paratype (WAM Z3241), scale bar = 100 pm; C, megascleres of the holotype (NTM Z005698), 
scale bar = 50 pm; D, megascleres of paratype (WAM Z3241), scale bar = 50 pm. 


splayed tetrapocilli, approximately 50-57 pm in length 
with relatively thinner plates, widely spaced (approx. 
15-18 pm between plates), with inner faces covered with 
spines of different sizes (1-6 pm); terminal plates, 26- 
27 pm long by 6-7 pm thick, oriented 90-120 degrees in 
relation to main axis; middle plate slightly longer (28-29 
pm) (Figures 8B, C). A smaller category of tetrapocilli, 
less than 20 pm in length, with smooth plates is present 
in low frequency. Palmate acanthoisochelae, 7-8 pm 
long, with spined shaft (<1 pm thick) and shallow 
concave alae covered regularly with discrete groups 
of spines, individual spines approximately 1 pm long 
(Figures 8 D, E). 


REMARKS 

The acanthoisochelae do not form the deep 
concave cups present in isochelae of Tetrapocillon 
novaezealandiae and T. atlanticus. The tiny isochelae 
of T. minor have relatively thin shafts with rudimentary 
alae, a characteristic not seen in T. patbergquistae. 
However, the clusters of long spines in the latter two 
species place these warmer water species closer together 
than to the temperate T. novaezealandiae. 

Tetrapocillon patbergquistae differs from all other 
species of Tetrapocillon found in Australia by size 
differences in the spicule complement. It has smaller 
acanthoisochelae than T. novaezealandiae (7-8 pm 
compared to 12.5 pm) but larger acanthoisochelae 








TABLE 3 Spicule dimensions of Tetrapocillon patbergquistae\ Isochelae were too small to measure by light microscopy. 
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FIGURE 8 Tetrapocillon patbergquistae, microscleres: A, small tetrapocilli (NTM Z005698), scale bar = 5 pm; B-C, 
large tetrapocilli (NTM Z005205), scale bar = 10 pm; D-E, isochelae (NTM Z005698), scale bar m 2 pm. 


than T. minor (5 pm). The splayed tetrapocilli found 
in T. patbergquistae are larger than those in T. 
novaezealandiae and T. minor (mean 54 pm long 
compared to mean 49 pm and 24 pm long respectively, 
see Tables 1-3). The styles are of a similar size to the 
styles of T. novaezealandiae (281 x 5 pm compared to 
289 x 5.5 pm) but consistently thicker than those in T. 
minor (261 x 3 pm). Tetrapocillon patbergquistae has 
only one form of acanthoisochelae compared to two 
forms in T. novaezealandiae, and the transitional series of 
rudimentary acanthoisochelae characteristic of T. minor. 

At least three populations of this species were found 
during surveys conducted in Darwin Harbour during 
2002-2003. The species has been found to date in three 
localities in the Northern Territory (Wickham Point, 
Sand Island - Middle Arm and Nightcliff Bommies) 
where it is relatively common. Dampier Archipelago 
specimens were found on intertidal reef amongst 
sponges, soft corals and hard coral species such as 
Acropora and fungiids. Both specimens collected from 
Dampier in October contained oocytes. 

DISTRIBUTION AND HABITAT 

Tetrapocillon patbergquistae is found in the Northern 


Territory, northern Western Australia and Queensland, 
Australia. It is a tropical species occurring on rocky reef, 
mud and sand (NTM Z005204, Z005698, QM G311114) 
or coral heads, live coral, sand and rubble (NTM 
Z005205, WAM Z3191, Z3241), and occurs intertidally 
to 19 m depth. 

ETYMOLOGY 

This species is named in honour of Dame Professor 
Patricia Bergquist who pioneered modern sponge 
science in the Southern Hemisphere and particularly in 
Australasia, and who passed away on 9 September 2009. 

KEY TO AUSTRALIAN SPECIES OF 
TETRAPOCILLON 

1. Tetrapocilli present, in 2 forms but consisting of only 

1 size. Tetrapocillon minor 

Tetrapocilli present, 2 forms of 2 sizes. 2 

2. Isochelae in 2 forms. 

. Tetrapocillon novaezealandiae 


Isochelae in 1 form. Tetrapocillon patbergquistae 
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DISCUSSION 

We report the first occurrence of Tetrapocillon in 
Australia and describe three species, the temperate T. 
novaezealandiae found across the Southern Ocean in 
New Zealand, Australia and South Africa, the warm 
temperate to sub-tropical Indian Ocean T. minor, and the 
new tropical species T. patbergquistae found in northern 
Western Australia, Northern Territory and the Great 
Barrier Reef, Queensland. 

Tetrapocillon species are cryptic due to their very 
similar external morphological features with the genus 
containing only encrusting or small lobate sponges. 
In Australia Tetrapocillon novaezealandiae and T. 
patbergquistae are the thickest species, up to 40 and 50 
mm thick, and T. minor the thinnest, up to 10 mm thick 
only. Tetrapocillon kurushimensis was described by 
Tanita (1961) as a thin encrustation of 1 mm over worm 
tubes, and T. atlanticus is 2-4 mm thick (Van Soest 
1988). Tetrapocillon novaezealandiae and T. minor have 
black external surfaces when alive, T. patbergquistae is 
grey or black externally, T. atlanticus is pale yellow, and 
the live colour of T. kurushimensis was not recorded. 
All species of Tetrapocillon have very similar skeletal 
complements of weakly developed skeletal tracts (Van 
Soest 1988), with no marked ectosomal specialization 
except for spicule fans at the surface and pigment cells 
in the species with black surfaces. They are difficult 
to separate on internal skeletal and spicule characters 
with species having either styles as megascleres ( T. 
novaezealandiae, T. minor, T. patbergquistae and T. 
kurushimensis) or strongyles ( T. atlanticus). Due to 
these limited morphological characters molecular 
studies would assist with understanding phylogenetic 
relationships between the species and clarify the number 
of species occurring globally. 

The genus contains a unique microsclere, the 
tetrapocilli, which occurs in all species. In some species 
the tetrapocilli have two morphologies, called here 
splayed and regular. In Tetrapocillon novaezealandiae 
and T. patbergquistae these forms are in two size 
categories while in T. minor they are of similar size. 
Tetrapocillonatlanticus also has two size categories of 
tetrapocilli (Van Soest 1988), but Tanita (1961) did not 
report size classes in T. kurushimensis. 

Van Soest (1988) described spined isochelae in 
Tetrapocillon atlanticus. These microscleres were 
found in all three species reported from Australia, and 
are referred to here as acanthoisochelae. Tetrapocillon 
minor was not described with isochelae and we could not 
see them in two microscope slides which are the only 
type material remaining after the loss of the holotype 
specimen. However, all new material from Tanzania, 
Madagascar and Western Australia have tiny isochelae, 
visible with SEM, but not with light microscopy. Levi 
(1963) reported isochelae in T. novaezealandiae and we 
have found two morphologies of isochelae in this species 
with SEM. Tetrapocillon patbergquistae also contains 
isochelae with shallow concave alae, clearly different 
from those reported in all other species. Tetrapocillon 


kurushimensis was not reported with isochelae, however 
if these microscleres are small, SEM will be required to 
detect and describe them. Detailed study of microscleres 
with SEM greatly assisted our ability to separate the 
three species of Tetrapocillon occurring in Australia. 

We found acanthoisochelae in a transitional series 
from regular palmate to those with rudimentary alae 
that were sigmoid and occasionally almost circular in 
T. minor. Acanthoisochelae have been found in species 
of the sister genus Guitarra and are here considered a 
synapomorphy for the closely related genera Guitarra 
and Tetrapocillon. Some species of Guitarra have been 
described with sigmas. Fromont and Bergquist (1990) 
discussed the need to determine when a sigma is truly 
a sigma, to be certain of the homology of the characters 
being examined, before relationships between taxa 
are inferred. This study suggests that it is essential 
to examine Guitarra ‘sigmas’ in detail in future to 
determine if they are true sigmas or are transitional from 
isochelae, such as we found here in T. minor. 

The type specimen of T. kurushimensis was preserved 
in formalin and is stored dry. Tanita (1961) indicated 
that two individuals of T. kurushimensis occurred on 
different parts of worm tubes, but only parts of these 
tubes are in the Museum collections in Ibaraki. We were 
provided with two fragments from different parts of 
the tubes (NSMT Po 1121) for histological processing 
and examination. However, we could not find material 
of Tetrapocillon. One fragment contains spicules of 
a species of Zyzzya and the other had poecilosclerid 
spicules of various forms. 

The distributions of both Tetrapocillon novaezealandiae 
and T. minor were found to be largely disjunct. 
Population genetic studies along the range of distribution 
of these species are essential to determine whether or not 
they represent two complexes of cryptic species. To date 
we have found no diagnostic morphological features that 
allow the separation of the different populations of T. 
novaezealandiae across the Southern Ocean, or T. minor 
in the Indian Ocean, into additional species. Limited 
collecting has been undertaken in these locations and 
with future collecting these distributions may become 
more contiguous or characters to distinguish cryptic 
speciation may be found. 

There are now five species of the genus described 
globally, the above three species and Tetrapocillon 
kurushimensis Tanita, 1961 and T. atlanticus Van Soest, 
1988. We confirmed during this study the presence 
of the genus in Hawaii (O. Tendal, pers. comm., J. 
Hooper, pers. comm.). Further material assigned to 
the genus Tetrapocillon from Chuuk, Davao and Fiji is 
also available in the collections of CRRF suggesting 
that the genus is well represented through the Central 
and Eastern Indo-Pacific. It was beyond the scope of 
this study to determine whether or not this additional 
material is conspecific with any of the known species or 
if they represent undescribed species. The material from 
Papua New Guinea described by Pulitzer-Finali (1996) 
as T. minor (MSNG 55060) requires allocation to a new 
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species and it may be conspecific with some of the Indo- 
Pacific species yet to be studied. The genus is therefore 
much more widespread than previously reported and it is 
possible that at least nine species could occur globally. 
Further studies in other parts of the world on this 
enigmatic genus are warranted. 
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ABSTRACT - The millipede genus Antichiropus Attems, 1911, is extremely diverse and the majority 
of species are endemic to south-western Western Australia. Very little is known about the general 
biology of species of Antichiropus ; however, these millipedes are becoming useful models for 
studies of speciation and sexual selection, and remain central to SRE-based conservation planning 
for government and industry in the expanding resources sector of Western Australia. This paper 
details optimised captive husbandry conditions and observations made regarding the natural history 
of one species - Antichiropus variabilis - following three years of field collecting and laboratory-based 
behavioural and molecular research. 


INTRODUCTION 

The genus Antichiropus is an extremely diverse 
group of largely short-range endemic (SRE) millipedes 
(Harvey 2002), occurring in south-western Western 
Australia and western South Australia (Harvey and 
Mesibov 2007). There are currently nine described 
species within the genus Antichiropus (Attems 1911; 
Jeekel 1982; Shear 1992). However, preliminary 
investigation of male gonopod morphology for 
specimens currently lodged in museum collections 
suggest there are at least an additional 120 species 
yet to be described, and a taxonomic revision of 
Antichiropus is currently underway (Harvey, Edward 
and Wojcieszek, unpublished data). Antichiropus 
millipedes are increasingly becoming the subject of 
research into behavioural ecology, sexual selection, 
biogeography and speciation (Harvey 2002; Moir et 
al. 2009; Wojcieszek and Simmons 2009; Wojcieszek 
and Simmons, unpublished manuscript), and remain 
central to SRE-based conservation planning for 
government and industry in the expanding resources 
sector of Western Australia (Environmental Protection 
Agency 2009). Antichiropus variabilis Attems, 1911 
(Figure 1) - the ‘Marri Millipede’ - is the most 
geographically widespread species in the genus, 


found in Marri ( Corymbia calophylla ) and Jarrah 
{Eucalyptus marginata ) forests along much of the 
Darling Escarpment east of Perth (Harvey 2002) (Figure 
2). Recent research investigating sexual selection 
in A. variabilis required the development of captive 
husbandry procedures for laboratory experiments, and 
these lab-rearing conditions have been slowly improved 
over successive years. Much has also been learned 
about the natural history of A. variabilis. Given that 
information on millipede husbandry, natural history 
and life cycles is generally lacking, the preliminary data 
presented in this paper should be of use to researchers 
who need to collect, house and study Antichiropus, and 
potentially other millipedes, in the future. 

METHODS 

Behavioural ecology research was conducted at the 
University of Western Australia (School of Animal 
Biology), using A. variabilis specimens collected over three 
successive years (2007-2009). Millipedes were collected 
by hand-sifting through leaf litter from various localities 
across the species range, and large-scale, laboratory-based 
mating experiments were conducted in 2007 and 2009, 
using specimens from Serpentine Falls National Park 
(32°22'S, 116°00'E) (see Figure 2). During experiments, 
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FIGURE 1 Antichiropus variabilis Attems, 1911, the Western Australian 'Marri Millipede': A, adult male walking 
in captivity; B, millipedes feeding on eucalypt leaves in captivity; C, wild-caught mating pair (male is 
lower-most); D, anterior segments of adult male, showing location of large (golden) ventral gonopods; 
E, scanning electron micrograph (SEM) of male left gonopod, showing the distal processes. Note that 
gonopod morphology is the primary diagnostic feature used for species identification in Antichiropus 
millipedes. Images by M. Rix and M. Wojcieszek. 


adult millipedes were housed in captivity for approximately 
four months (May to July), during which time the animals 
were mated, females laid eggs and offspring emerged 
(detailed behavioural observations are provided elsewhere; 
Wojcieszek and Simmons, unpublished manuscript). Our 
results detail the optimised conditions used for captive 
breeding, and also observations made regarding the natural 
history of A. variabilis. 

RESULTS AND DISCUSSION 

FIELD COLLECTING 

Antichiropus variabilis millipedes were generally 
patchily distributed, and often found in relatively 
small areas within larger forests. In the Jarrah-Marri 
eucalypt forests that dominate the Darling Escarpment 
(Figure 3), specimens were commonly found in thick 
Marri (Corymbia calophylla ) leaf litter and to a lesser 
extent in Jarrah ( Eucalyptus marginata ) leaf litter. 
Most animals were found in the leaf litter layer itself, 
or underneath the litter, on top of the soil surface. 
Sometimes specimens were found buried in the soil 
or lying concealed under fallen logs. Millipedes were 
rarely found in extremely wet leaf litter, preferring 
thick, decaying humus that was relatively moist. 
Individuals were often more common along hills and 
slopes, possibly because drainage of water was more 
efficient in these areas. At isolated localities on the 
Swan Coastal Plain (e.g. Kings Park and Bibra Lake), 
specimens were often found walking on sand and leaf 


litter during cool, overcast or rainy conditions. 

BEHAVIOURAL OBSERVATIONS 

Millipedes of many species appear to be 
polygynandrous (Barnett et al. 1993, 1995), that is, 
males and females mate multiple times in a single 
breeding season, and this is certainly the case for A. 
variabilis. Adult male A. variabilis millipedes almost 
always attempt to mate with any females they come 
into contact with (J. Wojcieszek, pers. obs.). As a result, 
when females were in the presence of multiple males, 
females were forced to mate several times in quick 
succession, causing great stress to the females and 
potentially also physical damage. Indeed, on the few 
occasions when this occurred, females usually died one 
or two days post-mating. In addition, males kept in close 
proximity to other males also attempted to mate with 
one another frequently; this also seemed to cause stress 
and damage to some males. When millipedes become 
stressed, they release one of a number of chemical 
compounds; for Antichiropus millipedes (as with most 
Polydesmidan millipedes; Hopkin and Read 1992: 154), 
gaseous hydrogen cyanide is released. A build up of 
this toxic gas in collecting containers may have led to 
mass fatalities when individuals were, on one occasion, 
kept overnight in high density without ventilation (J. 
Wojcieszek, pers. obs.). 

TRANSPORT OF MILLIPEDES FROM FIELD TO 
LABORATORY 

We recommend that the following precautions be 
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FIGURE 2 Map showing collection records for Antichiropus variabilis as of February 2010. Millipedes are most common 
on the uplifted Darling Escarpment, and there are some isolated populations on the Swan Coastal Plain. 



FIGURE 3 Marri and Jarrah forest north of Manjimup in Western Australia. Millipedes prefer forest patches such as 
these that are relatively open with little understory, and specimens of Antichiropus variabilis were found 
scattered in the leaf litter. Image by M. Rix. 
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FIGURE 4 Specimens of Antichiropus variabilis in captivity: A, example of the plastic containers used to house 
individual millipedes; an individual female can be seen. Note that the container is at least half-filled with 
soil, and the soil is covered with decaying leaf litter; B, juvenile Antichiropus variabilis approximately 20 
weeks old. Images by M. Wojcieszek and J. Wojcieszek, respectively. 


taken when collecting live animals in the field: (1) 
males and females should be separated while collection 
is occurring; (2) the numbers of animals kept together 
in single containers should be kept to a minimum; and 
(3) each animal should ideally be placed into its own, 
well-ventilated, individual container as soon as possible, 
following collection. 

LABORATORY HUSBANDRY 

Millipedes feature in the pet trade, and the giant round 
millipedes of the orders Spirostreptida and Spirobolida 
seem to be the most popular to keep as pets. These giant 
round millipedes can generally survive in terrariums 
and will eat various fruit and vegetable items, including 
apple, lettuce, peas and tomato (see Walls 1999 for a 
general guide to housing and feeding millipedes as pets). 
We did not attempt to house millipedes in large tanks, 
as our experiments necessitated isolation of individuals. 
We found that transparent plastic containers (8 x 8 x 
8 cm = 512 cm 3 ), with small punctured air holes, were 
suitable for housing individual A. variabilis (Figure 4). 
Millipedes thrived when containers were at least half- 
filled with soil from the collection site, and covered with 
decaying leaf litter (predominantly Marri litter for A. 
variabilis). Although we did not try multiple food items, 
we found that millipedes naturally fed on decomposing 
Marri leaves, nuts, bark and twigs. The millipedes 
survived best when most of the litter was moist, highly 
degraded and almost black in colour. Large bags of 
moist, decomposing leaf litter were taken from the site 
of collection to supply as food throughout the period 
of captivity. Containers were resupplied with small 
amounts of moist leaf litter once each week, and misted 
with distilled water using a pump-spray bottle every one 
to two days. Faecal material was allowed to accumulate 
in containers while millipedes were in captivity. The leaf 
litter should never become dry, but also should never be 
water-saturated. Animals were successfully kept under 
the conditions outlined above for several months at a 


constant 18°C on a 7:17 hours light:dark cycle. 

NOTES ON NATURAL HISTORY 

Much of the fauna native to south-western Western 
Australia is adapted to the prevailing Mediterranean 
climate, with its hot, dry summers, and cool, wet 
winters (Hopper and Gioia 2004). Many native animals, 
including millipedes, breed exclusively during the 
wet winter months of May-September (Harvey 2002). 
Antichiropus millipedes will start to emerge as soon 
as winter rainfall commences (and potentially slightly 
earlier for some species). Peak emergence of adult A. 
variabilis was in May of 2007, and June of 2009; these 
dates corresponded with the onset of winter rainfall (see 
Figure 5). Antichiropus variabilis adults can generally 
be found from emergence up until approximately 
October (Figure 6). Additional Antichiropus juveniles 
and penultimate individuals can sometimes be found 
during the warmer summer months, in moist litter 
and humus, but are virtually impossible to identify to 
species as they lack the adult male genitalia used almost 
exclusively in millipede taxonomy. During the summer 
months individuals burrow down deep into the soil to 
avoid desiccation (Harvey 2002). It also appears that 
A. variabilis may live for at least two years. This is 
based on the observation that over subsequent winter 
field seasons two distinct age cohorts were seen: one 
set of approximately half grown juveniles (presumably 
hatched the year prior) and another set of adult animals 
(presumably hatched two years prior) (J. Wojcieszek, 
pers. obs.). 

Females lay eggs towards the end of winter (July- 
August), and laying dates (as inferred by offspring 
emergence times) do not seem to be dictated by the time 
of adult emergence (which was, as discussed, partly 
dependent on winter rainfall) (see Figure 7). Females 
laid eggs deep within the soil of their containers, thus 
egg-laying was never observed. Antichiropus variabilis 
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FIGURE 5 Total rainfall at Karnet, Western Australia, near the Serpentine Falls National Park collecting site, for 2007 
(solid bars) and 2009 (open bars) (courtesy of the Australian Bureau of Meteorology). Arrows show times of 
mass emergence of millipedes in each of the two years, which only occurred following the onset of winter 
rainfall. 



FIGURE 6 Bar graph showing absolute numbers of adult Antichiropus variabilis millipedes collected and deposited in 
the Western Australian Museum as of February 2010. Peak abundances reflect the period of winter rainfall 
in Western Australia (see Figure 5), and mass emergence of adults may therefore vary based on the timing 
of the initial winter rainfall. 



FIGURE 7 Distribution of offspring emergence times following the 2007 (solid bars) and 2009 (open bars) breeding 
experiments. Here we recorded the date at which offspring emerged from nests, at Stadium II. Exact egg- 
laying and egg-hatching dates are not known. 
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FIGURE 8 Deceased male Antichiropus variabilis with a 
nematode infection. Arrow shown on centre 
image is a magnified section highlighting 
exit points for nematodes. In the lower 
image, a mass of the infecting nematode 
parasites is shown (Order: Oxyurida). 
Images by J. Wojcieszek. 


is semelparous - once individuals moult to sexual 
maturity, they mate and breed for one winter season 
and then die. Antichiropus variabilis females usually 
died one to two days after egg-laying. However, when 
housing conditions were optimal in 2009, 38% of 
females laid a second, smaller clutch of eggs, on average 
31.8 days ( ±SD 12.5; range 13-49) after the first clutch 
was laid. It was not clear exactly how long it took for 
eggs to hatch after being laid. Under our standardised 
laboratory conditions, however, offspring were seen to 
emerge from nest capsules an average of 19 days after 
eggs had been laid (median =18 days, mode = 16 days). 
The emergent offspring were in Stadium II (i.e. with 
six pairs of legs; see Hopkin and Read 1992: 119) on 
emergence from nests. Following emergence, offspring 
were frequently seen to form moulting chambers at the 
bases of containers, going through multiple moults in 
a matter of weeks. During our study, most offspring 
were preserved on emergence for molecular analyses. 
However, offspring from four different mothers were 
kept and monitored post-hatching under our standard 
conditions (constant 18°C with a 7:17 hours light:dark 
cycle). Approximately 20 weeks post-emergence most of 
these offspring had reached stadium IV, with a total of 
17 pairs of legs (see Figure 4). 

COMMON PROBLEMS ENCOUNTERED 

In 2007, before optimal moisture, soil and leaf litter 
levels had been determined, large numbers of fatalities 
were observed among adult A. variabilis. Some of the 
deceased individuals were infected with a nematode 
parasite (see Figure 8), which may or may not have been 
the direct cause of death. The infecting nematodes were 
identified as belonging to the Order Oxyurida, which 
are intestinal parasites of invertebrates and vertebrates 
(Poinar 1983). Oxyurids have been identified as parasites 
of other millipede species (Wright 1979; Poinar 1983; 
Bowie 1985). Three infected millipede individuals 
have been deposited at the Western Australian Museum 
(WAM T102750-52), in addition to nematode specimens 
(WAM V7614). It is important to note that once housing 
conditions had been optimised in 2009, there was only 
one case of nematode infection observed. It is therefore 
possible that nematodes infect many individuals in a 
population, but that the infection escalates and becomes 
fatal if individuals are highly stressed and not held in 
suitable conditions. It was also common to see some 
fungal growth inside the individual containers, and 
it is possible that this may have adversely affected 
some individuals. Keeping containers low in fungus is 
therefore recommended. At one point, some soil was 
microwaved for approximately 5 minutes, to see if this 
reduced the amount of fungal infestation; surprisingly, 
this led to a large increase in fungal infestation, so 
this is not recommended. It would be best to take due 
care not to collect fungus when initially obtaining soil. 
Keeping animals in individual containers should also 
reduce the effects of both nematode infections and 
fungal infestation. 
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TISSUE PREPARATION FOR MOLECULAR ANALYSES 

Animals were successfully preserved for molecular 
analyses in 100% ethanol or by freezing at -20°C or 
-80°C. The defence chemicals (hydrogen cyanide, and 
its precursor, mandelonitrile) seemed to interfere with 
DNA analyses, potentially due to inhibition of the Taq 
polymerase enzyme used in polymerase chain reactions 
(PCRs) (Wojcieszek and Simmons 2009). For this 
reason, tissue for DNA extraction should be taken from 
the head, or potentially from the legs and antennae (all 
devoid of chemical glands). If the exoskeleton has been 
cut at points along the animal, however, the defence 
chemicals may penetrate some of these tissues, making 
extraction of high-quality genomic DNA difficult. A 
variety of DNA extraction kits have proven successful 
in the laboratory (e.g. HiSpEx, Qiagen) using multiple 
macerated legs of individuals. Eleven polymorphic 
DNA microsatellites have also been isolated from A. 
variabilis, and many of these loci were successfully 
amplified from several other Antichiropus species 
(Wojcieszek and Simmons 2009). 
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ABSTRACT - The correct spelling, pronunciation and origin of the name Faure Island (pronounced 
'four') are explained and a critique on spelling and pronunciation of foreign names in English for 
Australasia is given. An Aboriginal name for Faure Island was searched for and is considered lost. 


KEYWORDS: diacritical marks in Australasian place names, Malgana language group, French 
exploration of Australia. 


INTRODUCTION 

In Paris they simply stared when I spoke to them in 
French; I never did succeed in making... [the French] 
understand their language (Mark Twain 1869). 

Faure Island in Shark Bay, Western Australia, is 
of special biological interest, because it is positioned 
at the convergence of three ecological boundaries: 
biogeographical, vegetational and climatic (see 
Johnstone et al. 2000; Richards and Wilson 2008). The 
region has been visited by biologists and naturalists/ 
explorers since Dirk Hartog Island was first visited 
in 1616 and in 1699 William Dampier made the first 
description of the island’s vegetation (Abbott 2007). 

Faure Island, named by the French, can be pronounced 
differently depending how it is spelt (Bougard 2008). 
French and English both share a common ancestor 
in Latin. Many words are similar between the two 
languages yet often pronunciation is dependent on 
whether or not diacritical marks (accents) are used; 
these marks alter the vowel sounds in words (Bougard 
2008). A geographic location given in a scholarly article 
is part of the descriptive text: it needs to be precise, 
unambiguous and specific. Inconsistency in spelling 
provides none of these. Accurate communication in 
the spoken language is equally important; imprecise 
pronunciation can lead to an imprecise, incorrect or nil 
understanding of the subject. 

Australian Aboriginal languages also have grammars, 
and sets of rich speech sounds, typical of other well- 
known languages such as the European Languages 
(Blake 1991; Fulton 2001). If Aboriginal names are to be 
adopted into English it is important to learn to pronounce 
the names as correctly as possible (Abbott 2009), again it 
is crucial to be precise, unambiguous and specific. 


The aims of this study were 1) to give detail to the 
nomenclature and pronunciation of Faure Island and 
to search for the Aboriginal name of the island, 2) to 
advocate the themes of accuracy and consistency using 
diacritical marks and 3) to help embrace the idea that a 
geographical name carries more information than place 
- it provides a sense of history, sentiment, culture and 
ecology. 

Part of the sense of place is surely not mangling 
the pronunciation of the name (whether Indigenous or 
European) of the place!’ (Ian Abbott in litt. 2010) 

METHODS 

Current pronunciations were determined by listening 
to residents of the Shark Bay area: by travelling to 
the Island and over the telephone. Literature searches 
were made of the French historical literature and its 
translations in English, the Libraries Australia database 
of The National Library of Australia, the Department 
of Environment and Conservation Library, The Corella 
Seabird Island Series, Google and Google Scholar. 
The relevant literature was followed, which included 
following references found in citation lists. A literature 
search for a Malgana name of Faure Island also searched 
in the holdings of the Australian Institute of Aboriginal 
and Torres Strait Islander Studies (AIATSIS) Library. 
This search included books, pamphlets, reference 
material and language material and was conducted 
by the Senior Reference Librarian, Eleanor Galvin. 
In addition, Eleanor Galvin and I queried Landgate 
the Western Australian Government database of place 
names. Landgate searched their Genoma Database, 
which is the Geographic Names database. Marika 
Oakley of the Yadgalah Aboriginal Corporation, in 
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FIGURE 1 Faure Island showing its position in Shark Bay; the inset shows where Shark Bay is situated in Western 
Australia. 
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Shark Bay, spoke on my behalf with several Aboriginal 
elders who use the local Malgana Language. 

RESULTS AND DISCUSSION 

BRIEF HISTORY 

Faure Island (Figure 1) is situated in Shark Bay at 
25°51'S, 113°53'E and is 5,148 ha (Abbott and Burbidge 
1995). It was first charted and given a European name 
during Nicolas Baudin’s (pronounced Beau dan) 
expedition to Australia between 1800 and 1804 (Peron 
and de Freycinet 1807-1816; Cornell 1965; Marchant 
1998). The island was first charted by Faure in August 
1801 when the Naturaliste, Commander Hamelin, spent 
some weeks (from 16 July to 4 September) in Shark 
Bay - Baudin on the Geographe having departed four 
days previously (Freycinet, Voyages de Decouvertes, 
vol. Ill, Navigation et Geographic, 1815 - from lie 
de France to Timor). The island was valuable for the 
abundance of turtles and Baudin on his second visit to 
Shark Bay in 1803 refers to it as lie aux Tortues (Cornell 
1974: 505, 513). The island was given its French name 
lie Faure by Baudin in 1801, in honour of the engineer/ 
geographer, Pierre Ange Francis Xavier Faure (Peron 
and de Freycinet 1807-1816; Peron 1809; Marchant 
1998). Pierre Faure first saw the island and landed on its 
west coast with Charles Moreau (Peron and de Freycinet 
1807-1816; Peron 1809). Faure drew a sketch which was 
later used by Louis de Freycinet to draw the first chart of 
the area (Freycinet 1812; Reynolds 2001). Note that de 
Freycinet’s chart names the island as lie Faure. 

PRONUNCIATION 

The current pronunciation of Faure Island, spoken on 
the island and in the Shark Bay region, is Faure (fo’ray or 
for eh) or Faure (for ee) (pers. obs.). These are incorrect: it 
is correctly pronounced ‘four’ and correctly spelt Faure. 
The name is mentioned many times in Peron and de 
Freycinet (1807-1816) and always spelt as Faure and never 
with an e-acute diacritical mark (P. Akoun [Bibliotheque 
national de France ], pers. comm., 25 March 2009). 

DIACRITICAL MARKS IN AUSTRALASIAN PLACE NAMES 

Faure is a French name, which theoretically can 
be pronounced with different endings, when either 
the acute diacritical mark (e) or the diaeresis (e) are 
used in its spelling (Simpson and Weiner 1989). The 
diacritical marks enable readers to distinguish the correct 
pronunciation. Thus, Faure is pronounced ‘four’. The 
use of the acute diacritical mark enables speakers to 
pronounce words correctly, e.g. cafe, saute and resume, 
while the diaeresis indicates that the second vowel 
should also be pronounced, e.g. the names Chloe and Zoe 
(Simpson and Weiner 1989). Alas, diacritical marks do 
not appear on English geographical maps or in common 
usage because geographical names in Australasia follow 
the protocol set down by the Committee for Geographical 
Place Names in Australasia (2001), which states: ‘English 


language place names do not have diacritical marks. In 
the case of place names derived from languages other 
than English, any diacritical marks are not to be carried 
over to the English form’ (4.13.), e.g. Geographe Bay. 
Thus the spelling of other languages in Australasia is 
inconsistently incorrect. 

AN ABORIGINAL NAME 

The traditional owners of Shark Bay including Faure 
Island are the Malgana people (Thieberger 1993). 
Thieberger (1993) reported the Malgana language as 
poorly known with no publications on its grammar or 
spelling in English. However, there are a limited and 
growing number of publications on grammar, syntax and 
pronunciation in the Malgana language group (e.g. Barlee 
1886; Blevins and Marmion 1995; Mackman 2003). 
Literature searches (see methods) found no Aboriginal 
name for Faure Island. Cooper (1997) reported that 
archaeological research found no evidence of occupation 
and suggested that this may be a reason that there is no 
Aboriginal name for Faure Island. Abbott (2007) found 
that Aboriginal people from southern coastal regions had 
had no watercraft, thus they did not use the islands and 
therefore were unlikely to name them. However, Faure 
Island is clearly seen from the surrounding mainland 
and during the lowest ebbs of spring tides the Faure Sill 
(see Burling et al. 2003) is exposed (though there may 
be a small channel flowing) and provides the potential to 
walk to the island and Emus are known to swim to the 
island (S. Davies [Curtin University of Technology], pers. 
comm., 17 July 2009). 

Marika Oakley, granddaughter of Dick and Margaret 
Hoult, who grew up on the island, asked Malgana local 
elders and she did not find a Malgana name for Faure 
Island. In particular, she spoke at length with Aboriginal 
elder Jimmy Poland who, at 83 years of age (in 2009), is 
the most respected authority on Aboriginal knowledge 
in the area. He was not aware of an Aboriginal name for 
Faure Island. Thus, it appears that the Malgana name for 
Faure Island has been lost. Jimmy Poland is the brother 
of Margaret Hoult who was, along with the Hoult family, 
the lease-holders of Faure Island (1904-1999) before it 
was taken over by the Australian Wildlife Conservancy 
(AWC 2009). 

WHY TO USE DIACRITICS 

The modern English language consists of 26 letters 
of Latin origin. Diacritics are used in English to aid in 
pronunciation of other languages or to pronounce words 
borrowed from other languages (loanwords), e.g. deja 
vu or cliche (from French). Some loanwords words are 
commonly recognisable with their diacritical marks, 
e.g. naive or naivete (feminine, from the French), while 
others commonly show no diacritical marks, e.g. zoology 
(zoology) (from Greek). In the latter example, the diaeresis 
explains that the ‘o’ is pronounced separately. Most native 
English speakers will intuitively know how to pronounce 
zoology, so a diaeresis is typically not used in this example. 
However, the diacritics in the noun resume differentiate 
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it from the verb resume and these diacritics aid in both 
pronunciation and recognition. Diacritics, in English, are 
either used for words from other languages or loanwords - 
they carry a sense of culture, which facilitates an empathic 
engagement with the origins and meanings of the words. 
Not using diacritics to spell foreign words shows both an 
indifference to accuracy and cultural insensitivity. I can see 
no practical reason for not using diacritics in geographical 
place names, because they enable correct pronunciation and 
spelling, and convey more meaning than position - they 
convey a sense of place. 
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ABSTRACT - The wrecking of the Verenigde Oostindische Compagnie retourschip Batavia, and the 
subsequent massacre that ensued, is one of the most macabre events in the history of pre-colonial 
European activity in Australia. Human skeletal remains have been recovered during the excavation 
of sites on Beacon Island in the Houtman Abrolhos that are associated with the Batavia mutiny. Four 
individual burials were discovered between 1960 and 1964 and a further six individuals (including 
children) were recovered from a multiple burial excavated between 1994 and 2001. 

The physical remains of those victims of the Batavia mutiny were previously analysed in order to 
estimate age, sex, stature and to describe their general state of health and any evidence of peri- 
mortem trauma that may have contributed to death. These data were interpreted in relation to 
historical and archaeological evidence to postulate who the individuals may have been, and to rule out 
other potential burials that occurred during the mutiny. There are, however, some inherent limitations 
with the anthropological analyses: first, familial relationships cannot be ascertained from the physical 
remains; second, it is not possible to reliably estimate sex in the immature skeleton. To that end, the 
aim of the present project is to study the familial relationships of the almost 400-year-old remains and 
to determine their sex based on molecular genetic analysis. 

Teeth from nine of the victims were available for DNA analysis. Following extraction and 
decontamination, the pulp chamber of the tooth was drilled and powdered sample collected. With 
regard to sex estimation, attempts to type the amelogenin gene on chromosomes X and Y were 
ultimately unsuccessful, most likely due to the overall poor preservation of the remains. DNA analyses 
of the hypervariable regions within the maternally inherited mitochondrial genome, however, suggest 
that there is no maternal relationship between two of the children in the multiple burial, which has 
important ramifications for establishing potential identifications of the victims. 


KEYWORDS: molecular anthropology; physical anthropology. 


INTRODUCTION 

The Verenigde Oostindische Compagnie (VOC) 
retourschip Batavia was commissioned in the 
17 th century to take advantage of lucrative trade 
opportunities in Asia. The Batavia, together with a fleet 
of six other vessels, departed Amsterdam on 29 October 
1628; their planned destination was Batavia (modern 
day Jakarta). Packed on board were approximately 
316 people, including enlisted sailors, VOC officers, 
passengers (including women and children) and a 
complement of soldiers en-route to Java to fight in 
the active war against the ruler of Mataram (Drake - 
Brockman 1963). Whether by accident or design, 
however, the Batavia never reached the waters of Asia, 
having wrecked on Morning Reef in the Houtman 
Abrolhos, off Australia’s west coast on 4 June 1629. The 
ship’s commandeur, Francisco Pelsaert, had survivors 


landed on nearby Beacon Island, and then embarked 
on a rescue voyage. During Pelsaert’s absence, an 
unsuccessful mutiny attempt resulted in the murder of at 
least 125 people (van Huystee 1998). 

Although the Batavia mutiny is historically well 
known, both from detailed VOC records (in particular 
Pelsaert’s journal) and a popular contemporary Dutch 
novel ( Ongeluckige Voyagie van’t Schip Batavia 
- first published in 1647 by Jan Jansz) the precise 
location of the wreck site was reportedly not ‘officially 
substantiated’ until 1963 (Stanbury 1998). The first of 
four individual burials on Beacon Island, however, were 
actually discovered in 1960, by resident fisherman ‘Pop’ 
Marten. The area around that burial revealed the first 
datable artefact (an engraved trumpet bell garland) that 
conclusively associated the Beacon Island site with the 
Batavia, although their connection was not realised until 
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several years later (Stanbury 1998). 

A further three individual burials were recovered 
between 1963 and 1964, during expeditions led by teams 
that included, amongst others, Max Cramer and Hugh 
Edwards. Under the direction of the Western Australian 
Museum, and in collaboration with various forensic 
specialists, six more individuals, albeit poorly preserved, 
were recovered from a multiple burial excavated 
between 1994 and 2001. Some brief descriptions of 
the multiple burial have been published (e.g. Pasveer 
et al. 1998; Pasveer 2000). With regard to identifying 
the victims, an early hypothesis that was investigated 
was whether the multiple burial was associated with 
the slaughter of the Predicant’s (the Batavia’s official 
minister) family, including his wife, maid and six 
of their seven children; two girls, three boys and a 
baby (Pasveer 2000). Subsequent research, however, 
demonstrated that the grave was highly unlikely to 
contain the Predicant’s family (see below). 

More detailed analyses of the total sample were 
subsequently made by Franklin (2001) and Franklin 
and Freedman (2006) in which characteristics of the 
multiple burial, such as the age, sex, numbers and 
positioning of the individuals interred, evidence of 
trauma and the nature of the burial itself were analysed. 
That data were then compared for any similarity or 
dissimilarity to individuals listed and events outlined 
and chronologically recorded in VOC records, in an 
attempt to ascertain who was buried in the multiple 
burial. It was proposed that the most plausible theory 
was that the interred were probably sick individuals 
who were among the early victims of the massacre (for 
further discussion see Franklin and Freedman 2006). 
Further, the evidence recovered from the grave did not 
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support the Predicant family hypothesis; there was no 
visible cranial trauma (the supposed cause of death) and 
the numbers of individuals recovered, and their age and 
sex, does not match the historical records that describe 
the family and how they were killed. 

There is only a limited amount of information that can 
be gleaned from osteological evidence alone, especially 
when it is poorly preserved. Ancient DNA (aDNA) 
analysis, which involves the analysis of DNA from 
specimens hundreds to thousands years of age, has been 
widely used on archaeological and museum specimens 
to assess familial relationships and for sex estimation 
(Palmirotta et al. 1997; Meyer et al. 2000; Rudbeck 
et al. 2005; Ricaut et al. 2006). The combination of 
archaeological data with molecular evidence, however, 
affords new opportunities to study the life history 
of the Batavia mutiny victims thus far recovered. To 
that end, the first objective of the present study is to 
establish if there are any familial relationships between 
the recovered individuals. This evidence is especially 
important in placing the multiple burial in its correct 
historical context; although the physical and historical 
evidence suggests that it is extremely unlikely that these 
remains are those of the Predicant’s family (see above), 
the only conclusive answer is in their DNA, especially 
considering historical sources can be inherently biased 
and/or inaccurate (Wood 1990). 

The second objective is to determine the sex of each 
individual based on molecular genetic analysis, thus 
removing the subjectivism associated with assigning 
sex based on skeletal morphology. This is particilarly 
important with regard to the juveniles in the sample 
(SK8 and SK9) as it is practically impossible to reliably 
estimate sex in the skeleton of a non-adult individual. 


TABLE 1 Main features of the Batavia skeletal material including proposed associations (/) of cranial and postcranial 
skeletons. 


Individual 

Description 

Sex 

Age-range* 

Stature t 

Individual Burials 

M3901 

Calvaria + postcranial skeleton 

Female 

18-20 yrs 

1.61 m 

A15831 / A15508 

Skull + postcranial skeleton 

Male 

19-21 yrs 

N/A 

A15507 

Skull + postcranial skeleton 

Male 

20-34 yrs 

1.82 m 

A16316 

Cranium 

Male 

20-34 yrs 

N/A 


Multiple Burial 




SK5/SK11 

Cranium + postcranial skeleton 

Male 

35-49 yrs 

1.74 m 

SK6 / SK10 

Cranium + postcranial skeleton 

Male 

35-49 yrs 

1.79 m 

SK7 

Skull + postcranial skeleton 

Male 

20-34 yrs 

1.76 m 

SK8 

Skull + postcranial skeleton 

Male? 

15-16 yrs 

1.51 m 

SK9 

Skull + postcranial skeleton 

N/A 

5-6 yrs 

N/A 

SK12 

Deciduous + permanent teeth 

N/A 

8-9 mo 

N/A 


yrs = years; mo = months; t reconstructed mean stature; N/A not able to be determined. 
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FIGURE 1 Buccal view of the left mandibular second molar of individual M3901: before decontamination and 
preparation (left); and following mounting and drilling (right). 


In this study, the hypervariable regions within the 
D-loop of the maternally-inherited mitochondrial 
DNA (mtDNA) were targeted to determine familial 
relationships. Although mtDNA variation provides less 
discrimination power at the individual level than nuclear 
DNA, it can be used as a marker of the maternal line 
as it is transmitted to offspring relatively unchanged 
for several generations due to a lack of recombination. 
The analysis of these regions to determine familial 
relationships within burial groups has become widely 
employed (Keyser-Tracqui et al. 2003). Sex estimation 
of the skeletal remains was attempted by analysing the 
amelogenin gene present on the X- and Y-chromosomes. 
Differentiation between female and male individuals is 
possible due to deletions within the amelogenin gene on 
the X and/or Y chromosomes (Sullivan et al. 1993). 

MATERIALS 

So far the skeletal remains of ten individuals have 
been found on Beacon Island; the basic demographic 
profile of each individual, on the basis of an 
anthropological assessment (Franklin and Freedman 
2006), is summarised in Table 1. For the current study, 
a single molar was extracted from nine of the ten 
individuals (the dentition of SK12 was too immature 
for viable analysis). As excessive occlusal attrition will 
expose underlying dentine and potentially compromise 
the integrity of the tooth, the molar with the least 
amount of wear (generally the second or third) was 
extracted where possible. Prior to decontamination 
and drilling, all of the teeth were photographed and 
measured; museum quality casts of each individual 
tooth were made as a contingency for potential damage. 

METHODS 

SAMPLE DECONTAMINATION AND PREPARATION 

Appropriate decontamination was performed to 
avoid aDNA sample contamination from exogenous 


DNA. Following published protocols (e.g. Hummel 
and Hermann 1994; Kemp and Smith 2005; Bouwman 
et al. 2006; for complete list see Yahya 2008), the 
crown and root surfaces of each tooth were scraped 
and brushed clean with single use sterile scalpels and 
toothbrushes. The teeth were then thoroughly rinsed 
with sterile distilled water and dried using sterile gauze. 
The external surface of each tooth was wiped with 20% 
commercial bleach using a sterile gauze pad, followed 
immediately with a wipe-down using 95% ethanol; the 
teeth were then allowed to air-dry under UV irradiation 
(254 nm) on each side for 30 minutes. In preparation for 
drilling the crown of each molar was coated with several 
layers of wax; the tooth was then embedded in plaster at 
the level of the cemento-enamel junction (Figure 1). This 
mounting technique was designed to minimise potential 
damage to the tooth during the drilling process. The 
accessible parts of the tooth and the mounting apparatus 
were again decontaminated following the steps 
described above. 

SAMPLE COLLECTION 

Following mounting and secondary decontamination 
(see above) the pulp and dentin area were carefully 
removed using a dental drill; masks were worn and new 
drill-bits and gloves were used for each tooth. The work 
space and all equipment were decontaminated between 
drilling each tooth using 20% bleach and 95% ethanol. 
The powder was collected in sterilised 1.5 ml eppendorf 
tubes; the weight of each sample varied from 8.8 to 39.5 
mg (Table 2). All of the powder was used in the DNA 
extraction process. 

DNA EXTRACTION 

The tooth powder was decalcified in 0.5M EDTA 
pH 8.0 at room temperature overnight. Following 
decalcification, samples underwent protein digestion 
in 700 pi extraction buffer (10 mM Tris-HCl pH 8.0; 
100 mM NaCl, 50 mM EDTA pH 8.0, 0.5% SDS) and 
Proteinase K (20 mg/ml), and then incubated at 56°C 
overnight. Extraction negative controls were included at 
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this step. DNA in the samples were then isolated using 
700 pi Phenol/Chloroform/Isoamyl alcohol (25:24:1) 
solution and concentrated using a Microcon YM-30 
(Millipore). Samples were purified using QIAquick PCR 
Purification Kits (Qiagen) as per the manufacturer’s 
instructions resulting in a final volume of 50 pi. 

PCR AMPLIFICATION 

i) Hypervariable regions 1 and 2 (HV1 and 2) of the 
mtDNA 

PCR conditions were optimised on positive control 
samples (see Yahyah 2008 for specific optimisation 
protocols). A previously described multiplex PCR 
was used to amplify the HV1 and HV2 regions of 
the mtDNA (Hummel 2003). The expected amplicon 
sizes were 131 bp and 168 bp for HV1 and 217 bp and 
312 bp for HV2. Successful reactions were purified 
using the QIAquick PCR Purification Kit (Qiagen) 
for DNA sequencing. 

iij Amelogenin typing 

The method of Sullivan et al. (1993) was employed 
to amplify intron 1 of the amelogenin gene on both 
sex chromosomes. As the X-chromosome has a 6 bp 
deletion in the targeted region, expected amplicon 
sizes were 112 bp for the Y-chromosome and 106 bp 
for the X-chromosome. Amplicon size was determined 
by running the PCR amplicons on a 4% agarose gel 
using an electric field. As an alternative amelogenin 
typing procedure, the AmpF/STR®Profiler Plus™ PCR 
Amplification Kit (Applied Biosystems) was used 
according to the manufacturer’s instructions with the 
exception of cycle number; 34 used instead of 28. This 
kit includes PCR primer sets that target 9 short tandem 
repeat (STR)-loci on the autosome chromosomes and the 
amelogenin gene. Samples were run on an ABI 3730x1 
sequencer and results were analysed using Genemapper. 

TABLE 2 The weight (mg) of powdered tooth 
samples collected from each individual; the 
FDI number designates which tooth was 
sampled. 


Individual 

Tooth (FDI) 

Weight (mg) 

M3901 

37 

27.5 

A15831 

17 

29.0 

A15507 

27 

39.5 

A16316 

17 

24.9 

SK5 

17 

20.8 

SK6 

27 

31.0 

SK7 

16 

oo 

oo 

SK8 

16 

18.6 

SK9 

65 

18.8 
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DNA SEQUENCING AND ANALYSIS OF HV1 AND HV2 
MTDNA AMPLICONS 

Successful reactions from the HV1 and HV2 mtDNA 
PCR underwent cycle sequencing using the ABI PRISM 
®Big Dye® Terminator v3.1 Cycle Sequencing Kit 
(BDT) (Applied Biosystems) as per the manufacturer’s 
instructions. Samples were run on an ABI 3730x1 
sequencer and electropherograms were analysed and 
edited using the Assign-SBT™ Software (Conexio 
Genomics). Mixtures were reported if, at any nucleotide 
position, two or more nucleotide peaks were observed 
and the intensity of the minor peak(s) was at 20% 
or more of the main peak. Mixtures were assigned 
according to the International Union of Pure and 
Applied Chemistry (IUPAC). Subsequently, sequences 
were aligned against the revised Cambridge Reference 
Sequence (rCRS) (Andrews et al. 1999) using the 
BLAST program (available at http://www.ncbi.nlm.nih. 
gov/blast). 

STEPS TAKEN TO AVOID CONTAMINATION 

Contamination is a major problem inherent to aDNA 
analysis. Here we attempted to minimise contamination 
by the following approaches: i) all extractions and 
analyses on the Batavia teeth samples were performed in 
a dedicated PCR DNA laboratory with strict separation 
of pre-PCR and post-PCR rooms including separation of 
reagents, equipment, coats and storage facilities; ii) use 
of UV lights and 70-80% ethanol in fume hoods and on 
surfaces and equipment; iii) use of disposable filtered 
pipette tips, laboratory-ware, gloves and masks; iv) 
extraction controls and multiple negative PCR controls 
accompanied samples throughout each step; v) use of 
one tooth at a time; vi) replication of amplification; and 
vii) DNA typing of the personnel directly involved in 
handling samples. 

RESULTS 

FAMILIAL RELATIONSHIPS - MITOCHONDRIAL DNA 
ANALYSIS 

The sequence of the HV1 and HV2 of mtDNA from 
the skeletal remains were analysed using a multiplex 
reaction (Hummel 2003). PCR amplicons (131 bp 
and 168 bp) corresponding to HV1 were successfully 
amplified in all nine samples. The third amplicon 
(217 bp) corresponding to HV2 was amplified in most 
samples; albeit these products were weaker (see Figure 
2 for example). The largest amplicon (312 bp), which 
can be seen in exceptionally well-preserved samples, 
was not present in any of the samples. Several negative 
controls were run simultaneously with the samples 
and no PCR products were detected in any of the 
negative controls. However, it should be noted that 
a product of approximately 400 bp was consistently 
seen in all extraction blank samples, but no fragments 
corresponding to the expected amplicon sizes were 
amplified from the extraction blanks. This product was 
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400bp 

168bp 
131 bp 



312bp 


B 



FIGURE 2 HV1 and HV2 amplification products for SK5 and SK6. (A) 1 st PCR amplification. (B) Repeated amplification. 
Blk is Extraction Blank, N is Negative Control, PC is Positive Control and L is 100 bp DNA Ladder. 


not observed in any of the negative or positive controls, 
which indicated that it most likely did not come from the 
PCR reaction mix, or during PCR preparation. However, 
a faint band with the same (approximate 400 bp) size 
was also observed in the SK7 (second amplification), 
A15507 and A16316 samples (both amplifications). This 
fragment was not sequenced. All four amplicons (131 bp, 
168 bp, 217 bp and 312 bp) were amplified in the positive 
control. 

An inverse relationship of successful amplification of 
amplicons with size is a phenomenon that commonly 
occurs in aDNA samples (Paabo et al. 2004). As a result, 
the PCR products observed here are likely to be from 
genuine aDNA templates of the Batavia samples and were 
subsequently sequenced. The sequences were compared 
to the rCRS (Andrews et al. 1999) and differences from 
the reference sequence were annotated (Tables 3 and 4). 
Mixtures were present and mainly comprised transitions 
(C-T/G-A) that may reflect mis-coding lesions often 
associated with damaged aDNA (Gilbert et al. 2003, 
2007). However, the mixtures do not all correspond to 
described ‘hotspots’ for damage (Gilbert et al. 2003) and 
involve mutational pathways aside from C^T and G—A. 
(Gilbert et al. 2007). Other possibilities for mixtures 
include heteroplasmy (more than one mtDNA species), 
PCR/sequencing artefacts or contamination. An attempt 
to clarify the distribution of these mutations for these 
samples via cloning was unsuccessful. 

Consistent with obtaining weak PCR amplicons, 
sequences of the 217 bp segment corresponding to the 
HV2 region for most of the samples were poor and did 


not provide much differentiation between the samples. 
Aside from possibly A16316 (variation at 228 and 
295 relative to others) the samples from the Batavia 
remains could not be distinguished from one or more 
control samples. Accordingly, HV2 sequences were 
only analysed in conjunction with HV1 data. From the 
HV1 sequences, contamination from the anthropologist 
(POSD) and the DNA analyst (POSP) could be excluded, 
as each showed multiple unique variations relative to 
the other samples. POSH (from the person who did the 
casting) had a unique variation within HV1 at position 
16298, but elsewhere was the same as the positive 
control. Furthermore, the sample from the dentist 
(POSF) differed from the positive control at only one 
site where a mixture was determined (HV2 215). The 
positive control, POSH, POSD and POSF all came from 
Caucasian individuals. 

The sequences of the HV1 and HV2 regions of the 
mtDNA for samples SK5, SK6, SK7, A15507 and 
A15831 and the positive control (POS2) were similar 
(Tables 3 and 4). Differences were expressed only in 
mixtures, however, due to poor sequencing results, many 
areas of sequence were undetermined and hence cannot 
be used for exclusionary purposes. The possibility that 
the sequences for SK5, SK6, SK7, A15507 and A15831 
arose from the same source, and that contamination 
occurred from the positive control cannot be ruled-out. 
Sample M3901 showed one nucleotide difference to 
POS2 (excluding mixtures) and again contamination for 
this sample cannot be excluded. Based on these results 
it is not possible to derive any conclusions regarding the 
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*Polymorphic nucleotide sites are numbered according to rCRS: AMP is PCR amplification; Dot (.) indicates nucleotide is the same as rCRS; nd indicates nucleotide not determined; Y=C/T; R=G/A; 
For mixtures, relative contribution of each nucleotide indicated; POS2 is Positive Control; POSD is from the anthropologist; POSP is from the DNA analyst; POSH is from the person who did the 
casting; POSF is from the dentist. 
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TABLE 4 HV2 sequences of the mtDNA of the Batavia teeth samples*. 



Nucleotide differences FROM RCRS 

AMP 

SAMPLE 

CJl 

hO 

CO 

CJl 

IN3 

CJl 

228 

hO 

-p* 

oo 

263 

hO 

CO 

CJl 


T 

T 

A 

G 

A 

A 

c 

2nd 

SK5 

nd 

nd 




G 


l St 

SK6 

nd 

Y(t~c) 




G 


2nd 

SK6 

nd 

nd 




G 


l St 

SK7 

nd 





G 


2nd 

SK7 

nd 

nd 




G 


1 st 

SK8 

nd 

nd 

nd 

nd 


G 


2 nd 

SK8 

nd 

nd 




G 


l St 

SK9 

C 


W(A>T) 



G 


2 nd 

SK9 

C 





G 


1 st 

M3901 

nd 

nd 

nd 

nd 


G 


2 nd 

M3901 

nd 





G 


2 nd 

A15507 

nd 





G 


2 nd 

A15831 

nd 





G 

Y(c>t) 

1st 

A16316 

nd 

nd 

nd 

nd 

nd 

G 

T 

2 nd 

A16316 

nd 



A 


G 

T 

1 st 

POS2 






G 

nd 

2 nd 

POS2 

nd 





G 


1 st 

POSD 

C 





G 


2 nd 

POSD 

nd 





G 



POSP 





- 

G 



POSH 

nd 

nd 

nd 



G 



POSF 

nd 


R(a~g) 



G 



^Polymorphic nucleotide sites are numbered according to rCRS and only sites where a variation relative to the rCRS was observed 
in a sample or control were included: AMP is PCR amplification; dot (.) indicates nucleotide is the same as rCRS; nd = nucleotide not 
determined; Y=C/T; R=G/A; W=A/T; '-'=deletion; for mixtures, relative contribution of each nucleotide indicated; POS2 is Positive 
Control; POSD is from the anthropologist; POSP is from the DNA analyst; POSH is from the person who did the casting; POSF is 
from the dentist. Replicates with poor sequence throughout region were not included. 


familial relationships of these six individuals. 

Comparison of the HV1 and HV2 sequences of SK8, 
SK9 and A16316 show that they have different mtDNA 
sequences. Variations relative to the reference sequence 
(rCRS) were observed in at least two different nucleotide 
positions for all combinations, which according to 
guidelines given by ISFG (Carracedo et al. 2000) and 
SWGDAM (mtDNA Nucleotide Sequence Interpretation) 
can be used to exclude the possibility that the sequences 
come from the same source or maternal lineage. However, 
one of the variants in SK9 (HV1 16247) was not replicated. 


Furthermore, the sequences also show variation in at least 
two different nucleotide positions from the HV1 and HV2 
sequences of the positive control (POS2) as well as persons 
directly working with the remains (POSD, POSP, POSH 
and POSF) (Tables 3 and 4). 

Specifically, the mtDNA sequence of SK8 shows two 
variations relative to the rCRS at nucleotide positions 
16256 (C—>T) and 16270 (C—>T) in HV1, and one variation 
at nucleotide position 263 (A—>G) in HV2. No variation 
was observed at the two nucleotide positions in HV1 for 
SK9, A16313 and the controls. Although the nucleotides 












TABLE 5 STR and amelogenin loci profile of the Batavia remains using the AmpFISTR® ProfilerPlusTM kit*. 
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*X,X indicates female individual; X,Y indicates male individual; numbers indicate observed allele; gap (-) indicates Not Detected; 
N1, N2 and N3 are Negative Controls; POS samples are from individuals involved in study. 
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at these positions cannot be determined in all replicates 
of A16316, this sample showed variation at other positions 
not observed in SK8 (Tables 3 and 4). It is likely that 
there is no maternal relationship between SK8 and both 
SK9 and A16316. Finally, A16316 can be excluded from 
being maternally related to SK8 and SK9 because it 
demonstrated several transitions from rCRS at nucleotide 
positions 16069 (C->T), 16126 (T->C), 16163 (A—>G) 
in HV1 and 228 (G—>A) and 295 (C-*T) in HV2. These 
polymorphic sites were not observed in SK8 and SK9. 

The results described above are not conclusive as the 
data obtained in this study have not been replicated 
in a second analysis, but the data does provide 
some indication of potential relationships (or lack of 
relationships) between some individuals. 

SEX ESTIMATION - AMELOGENIN TYPING 

In this study the method of Sullivan et al. (1993) 
that targets intron 1 of the amelogenin gene containing 
a 6 bp deletion on the X-chromosome relative to the 
Y-chromosome, and the commercial AmpF/STR®Profiler 
Plus™ kit, was used to estimate the sex of the 
Batavia remains. In the AmpF/STR® Profiler Plus™ 
kit, 9 short tandem repeat (STR)-loci (D3S1358, 
vWA, FGA, D8S1179, D21S11, D18S51, D5S818, 
D13S317 and D7S820) and the amelogenin gene (region 
containing size difference between sex chromosomes) 
are simultaneously amplified. 

Using the Sullivan et al. (1993) method, no PCR 
products were obtained for any of the skeletal remains. 
Fragments corresponding to the appropriate sizes 
were obtained for the two positive control samples 
(male control exhibited fragments at 106 and 112 bp 
corresponding to the X,Y genotype; female control 
exhibited one fragment at 106 bp corresponding to the 
X,X genotype; results not shown). 

Using the AmpF/STR® Profiler Plus™ kit to type 
the amelogenin gene and 9 STR-loci from the samples 
had limited success. Partial profiles were observed 
in samples SK5, SK6, SK7, SK9 and A15831 with 
amelogenin typing results only for the latter three. The 
kit positive control (9947A) and control DNA samples 
from individuals involved in the study (POS2, POSD, 
POSP, POSF and POSH) were successfully amplified. 
No peaks were observed above the threshold (50 RFU) 
in the negative controls. Peaks were observed in the 
following extraction blanks: D8S1179 locus of Blank 
SK5; vWA of Blank M3901; and D13S317 of Blank 
SK8. Comparison of the partial profiles of the remains 
of SK5, SK6, SK7, SK9 and A15831 with all control 
samples indicates some unique STR allele combinations 
at different loci that suggest they may have come from 
different sources (e.g. presence of alleles 8, 14 at locus 
D13S317 for SK7; Table 5). 

In relation to the amelogenin locus, SK6 exhibits the 
X,Y genotype of a male individual, which concurs with 
the morphological assessment, whereas SK7 indicates 
a female individual, contrary to that reported (Table 
1). The skeletal remains belonging to the juvenile SK9 


also indicates a female individual. However, partial 
profiles from old remains can indicate DNA degradation, 
inhibition from the sample itself and/or low amounts of 
DNA. In these cases, allele dropout (condition where an 
allele in a heterozygote cannot be visualised, leading to 
an apparent homozygote, e.g. X,X instead of true X,Y 
combination; Whitaker et al. 2001) and allele drop-in 
(spurious allele - not true allele) are not uncommon 
and reporting of these partial profiles requires caution. 
This is further highlighted in this study due to the use 
of extra PCR cycles (low copy number method) that 
increases the chance of profile abnormalities and the 
inability to replicate the amplification due to limited 
sample volume. Accordingly, no further analysis of the 
profiles was performed. 

The observed difference in the ability of the two 
amelogenin typing methods to obtain products from 
amplification of the same samples is probably due to 
several reasons. First, more template was used in the 
Profiler Plus amplification. Second, the PCR products 
of the Sullivan et al. (1993) method were analysed 
using conventional agarose gel electrophoresis and 
ethidium bromide staining, while PCR products from 
the Profiler Plus amplification were analysed using 
capillary electrophoresis (ABI 3730x1 sequencer) and 
fluorescence dyes; a more sensitive detection method. 

DISCUSSION 

FAMILIAL RELATIONSHIPS 

Despite the rigorous contamination precautions taken 
throughout the analysis of the Batavia teeth samples the 
HV1 and HV2 regions of the mtDNA sequences of SK5, 
SK6, SK7, A15507, A15831 and M3901 are similar to the 
sequences obtained from the positive control sample, 
as well as the persons working directly on the remains 
(POSP; POSD; POSH). No assessment was performed 
on the genetic relationships between these individuals. 

From the HV1 and HV2 regions of the mtDNA 
sequences obtained from SK8, SK9 and A16316, 
however, it was possible to examine the familial 
relationships of those individuals, albeit with the caveat 
that the results should not be treated as conclusive until 
repetition of the analysis is performed. Based on two 
or more different polymorphisms observed in SK8, 
SK9 (buried in the multiple burial) and A16316 (single 
burial), it is unlikely there is a maternal relationship 
between those individuals (see Tables 3 and 4). As the 
genetic evidence suggests that remains of the child and 
teenager (SK8 and SK9, respectively) are not maternally 
related, this means that these two individuals cannot 
be members of the Predicant’s family. So, with regard 
to placing the multiple burial on Beacon Island in its 
correct historical setting, the theory that these are 
the remains of sick individuals who were killed early 
in the massacre remains more plausible (cf. Franklin 
and Freedman 2006), in consideration of the evidence 
currently available (see above). 
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SEX ESTIMATION 

Although morphological (metric and non-metric) 
approaches are widely used to estimate the sex of 
archaeological and forensic skeletal remains, it is 
difficult to reliably assign sex in the skeleton of sub¬ 
adults (Saunders 1992); in such instances the accuracy 
of these estimations are considerably reduced (Scheuer 
2002; Franklin et al. 2007). From the anthropological 
analysis of the Batavia skeletons, seven of the adult 
remains are likely to be male and one is likely female. 
The sex of the three sub-adult individuals, however, 
either could not be determined conclusively (SK8) or not 
at all (SK9 and SK12) (Table 1). 

The analysis of the amelogenin gene was only able to 
provide limited information on the sex of individuals 
SK6, SK7 and SK9. The male sex of individual 
SK6, as determined from Profiler Plus, is consistent 
with the morphological assessment. The sex of SK7, 
however, was female from the profile, which is not in 
agreement with the anthropological assessment (Table 
1); morphologically the skull of SK7 is amongst the 
most masculine in the total adult sample (see Franklin 
and Freedman 2006), which instils some doubt as to 
the validity of the genetic assessment (see below). 
The profile of the remains of the five to six year old 
child (SK9) indicated female sex; morphological sex 
estimation was not possible (see above). 

With regard to the amelogenin gene analyses, it is 
important to again reiterate that within this particular 
sample, the accuracy of the assignment of the female 
genotype (X,X) is to be regarded cautiously given 
the sub-optimal results in which profile abnormalities 
(such as allele drop-out) could have resulted in a single 
‘X’ peak. Overall, the limited success in typing the 
amelogenin gene may have been due to the degradation of 
the samples and inhibitor effects. The use of a single copy 
marker (such as the amelogenin gene present on nuclear 
DNA) is more susceptible to degradation and low DNA 
quantity compared to mtDNA analysis, due to the greater 
number of mtDNA copies (can be several hundred) 
relative to the number of chromosomes (2) per cell. 

CONCLUSIONS 

This study described an attempt to use molecular 
genetic analyses to determine the sex and familial 
relationships of nine individuals who were recovered 
from burials on Beacon Island related to the Batavia 
mutiny of 1629. Although it was possible to extract 
viable aDNA from a single tooth of each individual, 
it is clearly apparent that sample degradation and 
contamination were confounding issues. Nonetheless, 
the results of this study do have some important 
ramifications towards establishing the identity of those 
victims, most importantly that the multiple burial is 
unlikely to be that of the Predicant’s family; independent 
confirmation of these findings will require the repetition 
of our analyses. 
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Manihinea (Demospongiae:Theonellidae) 
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ABSTRACT - This report describes a new sponge species, Manihinea lynbeazleyae sp. nov., from 
the warm temperate marine region of Western Australia (Indian Ocean). The presence of tetraclone 
desmas, phyllotriaenes as ectosomal spicules, and pseudospherasters as the only microscleres place 
this species within the genus Manihinea. The only other presently extant species worldwide is the type 
species for the genus M. conferta Pulitzer-Finali, 1993, also from the Indian Ocean. The key characters 
which distinguish the present species from the type species for the genus are external morphological 
features and details of the microscleres and desmas. 


KEYWORDS: taxonomy, systematics, sponges, Porifera, Manihinea, Indian Ocean 


INTRODUCTION 

The sponge genus Manihinea was first established by 
Pulitzer-Finali (1993) for the species M. conferta Pultzer- 
Finali 1993, recorded from the North Kenya Banks, 
East Africa at 110 to 115 metres depth. The species 
has not been reported since, nor have any new species 
been described in the genus. However, Kelly (2000) 
discussed several specimens from Micronesia, and 
Pisera and Levi (2002) noted there are likely to be two 
new species requiring description, one from Micronesia 
for the specimens examined by Kelly, and another for 
material collected in the Caribbean. This paper describes 
the second species for the genus which was found in the 
Perth Canyon off Perth, Western Australia in the Indian 
Ocean (Figure 1). 

A major research project is currently underway to 
describe the lithistid fauna of the Australian region of 
the Indian Ocean (Pisera and Fromont, in preparation). 
Prior to this project most research on Indian Ocean 
lithistids was in papers published from the 1880s to the 
1920s on deep water expeditions. Two new species of 
lithistids were reported by Lendenfeld (1907) from north 
Western Australia, and no further studies have focussed 
on the recent lithistids of Western Australia until now. 
A few papers have more recently documented lithistids 
collected in shallow waters e.g. Vacelet and Vasseur 
(1965), Vacelet and Vasseur (1971) and Vacelet et al. 
(1976), but these studies were undertaken in the western 
Indian Ocean and not in Australian waters. 


The new species of Manihinea described here is one of 
many new sponge species discovered as a consequence 
of recent deep water expeditions off the coast of Western 
Australia. 

MATERIALS AND METHODS 

The Perth Canyon, where this new species was found, 
cuts into the continental shelf west of Perth and is 22 
kilometres seaward of Rottnest Island (Pattiaratchi and 
Woo 2009). It is long, narrow and steep-sided (Pattiaratchi 
and Woo 2009), and is 4,000 metres deep and 100 km long 
which is larger than the Grand Canyon in the USA (http:// 
www.pewtrusts.org/news_room_details.aspx?id=49186, 
20 th December, 2009). It is a known feeding area for 
pygmy blue whales (Rennie et al. 2006). 

The Perth Canyon was sampled for biota as part of 
the ‘Voyage of Discovery’ Expedition to the deeper 
waters (greater than 100 metres deep) off south Western 
Australia undertaken by CSIRO and collaborators on 
the Southern Surveyor in 2005 (SS10/2005). This was 
the first expedition to collect sponges from the Canyon 
and the deeper waters off south Western Australia. At 
many stations sponges dominated (by weight) the fauna 
collected at the 100,200 and occasionally 400 metre depth 
contours. A total weight of 31 kilograms of sponges was 
collected from the 200 metre depth contour in a single 10 
minute tow (tow distance of 662 metres) in the Canyon, 
and in this haul 55 demosponge species were detected. 
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FIGURE 1 Map of location of Manihinea lynbeazleyae sp. nov. 



FIGURE 2 Manihinea lynbeazleyae sp. nov., holotype: A, preserved colour; B, deck image showing live colour. 
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The specimen was preserved in 75% ethanol. Skeletal 
structure and spicule morphology were examined using 
light microscopy and scanning electron microscopy 
(SEM). Spicules were prepared by boiling small pieces 
of sponge (including the ectosome and choanosome) in 
concentrated nitric acid, followed by two consecutive 
washes with both distilled water and absolute alcohol. 
The resulting spicule extracts were dried on a glass 
coverslip attached to an SEM stub, and sputter coated 
with platinum prior to examination. Spicule dimensions 
were determined by measurement of 15 randomly 
selected spicules for each spicule type. The skeleton was 
prepared for examination by cutting a representative 
section at right angles to the surface of the sponge 
and attaching this to an SEM stub oriented with the 
ectosomal surface uppermost. Images were recorded 
with a Phillips XL20 scanning electron microscope, 
operating at 25 kV (Institute of Paleobiology, Warszawa, 
Poland), and were saved electronically. 

Abbreviations used in the text: MSNG: Museo Civico 
di Storia Naturale, Genova, Italy; WAM, Western 
Australian Museum, Perth, Australia. 

SYSTEMATICS 

FamilyTheonellidae Lendenfeld, 1903 

DIAGNOSIS (AFTER PISERA AND LEVI 2002) 

Polymorphic; choanosomal spicules are tetraclone 
desmas; ectosomal spicules are phyllo- to discotriaenes; 
microscleres are spinose microrhabds and/or microxeas, 
and streptasters, and/or pseudospherasters which 
are believed to be derivatives of acanthorhabds or 
amphiasters; large choanosomal oxeas may be present. 

Manihinea Pulitzer-Finali, 1993 

Manihinea Pulitzer-Finali, 1993: 263. 

TYPE SPECIES 

Manihinea conferta Pulitzer-Finali, 1993, by 
monotypy. 

EMENDED DIAGNOSIS 

Clavate to massive arborescent sponges with deep and 
narrow axial cavity. Ectosomal spicules are exclusively 
phyllotriaenes; desmas are tetraclones; microscleres are 
pseudospherasters with massive spinose rays (most likely 
to be modified amphiasters or rhabds). 

REMARKS 

The new species described here and belonging to the 
genus Manihinea based on its spicule complement, has 
an arborescent morphology not observed in the type 
species, thus an emendation of the generic diagnosis was 
necessary to accommodate this difference. 


Manihinea lynbeazleyae sp. nov. 

(Figures 1-4) 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: 1 specimen, SS1005 
station 69 (SS10/2005), Perth Canyon, West of Rottnest 
Island, 31.9210°S 115.2020°E to 31.9241°S 115.1960°E, 
194-232 m depth, 29 November 2005, epibenthic sled 
‘Sherman’ (design described by Lewis 1999), on soft 
sediment, mean temperature 16.15°C, J. Fromont on 
Southern Surveyor (WAM Z31539). 

DIAGNOSIS 

Manihinea lynbeazleyae sp. nov. is characterized 
by having a massive arborescent morphology, and a 
bright orange surface and yellow to orange interior. 
Ectosomal phyllotriaenes have narrow irregular clads 
(cladome 423-641 pm in diameter, rhabd 280-330 pm in 
length); microscleres consist of pseudospherasters (7.5- 
11 (maximum 16.1)) by 7.5- 9.5 pm (n=15), and slightly 
tuberculated tetraclone desmas (430-460 pm average) 
form a dense choanosomal skeleton. 

DESCRIPTION 

Habitus as in Figure 2. A massive arborescent sponge, 
about 19 cm high and 14 cm wide, with branches 1.5 to 2.5 
cm in diameter, with deep and narrow axial cavities about 
3-5 mm in diameter, that terminate as apical oscules. 

Colour, in the live state bright orange exterior (Figure 
2b), bright orange-yellow interior; exterior dark yellow in 
ethanol (Figure 2a). 

General organization: (Figure 3). Ectosome smooth, 
without any protruding spicules; inhalant pores dispersed 
over most of the surface, displaying openings 60-70 pm 
in diameter (Figure 3a). In the ectosomal region a dense 
layer of microscleres occurs between branches of the 
phyllotriaenes (Figure 3a, b). The desmas form a relatively 
dense choanosomal skeleton by articulation at their tips, 
but tips-to arms articulation was also observed (Figure 
3c-f). The surface of the desma choanosomal skeleton 
displays numerous small openings that are 700-880 pm 
in diameter. Styles were rare in the choanosomal skeleton. 

Spicules (Figure 4). Ectosomal megascleres are poorly 
branched phyllotriaenes with irregular narrow branches, 
cladome 423-641 pm in diameter, rhabd narrow, conical, 
pointed, 280-330 pm in length (Figure 4a-e). Desmas are 
regular to irregular tetraclones that bear sparse tubercles, 
especially toward the articulation region, that are 430- 
460 pm on average in size (Figure 3d, e). Choanosomal 
styles are about 6 pm thick and a minimum 600-800 pm 
long (total length is unknown because all were broken). 
Microscleres are strepaster-like (Figure 4g, i-j) to irregular 
pseudospherasters (Figure 4h, m, o), most probably 
modified streptasters, which have short, massive pointed 
and spinose rays, size is 7.5-11 (maximum 16.1) by 7.5- 9.5 
pm, (n=15, Figure 4f-o). 
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FIGURE 3 SEM images of skeleton of Manihinea lynbeazleyae sp. nov., holotype: A, ectosomal skeleton displaying 
inhalent pores; B, dense layer of microscleres between phyllotriaenes in ectosomal region; C-D, dense 
choanosomal skeleton; E-F, choanosomal desmas displaying sparse tubercles. 


REMARKS 

The holotype of the type species for the genus, 
Manihinea conferta (MSNG 48296) from North Kenya 
Banks, East Africa, Indian Ocean, 110-115 m depth, was 
examined and compared to the new species described 
here. The new species has a completely different external 
morphology, being arborescent, in comparison to M. 
conferta which is clavate. The spicule complement of 
both species is identical, but each spicule type has clear 
differences in detail. The ectosomal phyllotriaenes 
have a larger cladome and longer rhabd and the 
pseudospherasters are more irregular in shape grading 


into streptaster-like forms, and are not as densely and 
finely spined as those in M. conferta. The tetraclone 
desmas are also less regularly developed and more 
tuberculated in the new species. The choanosomal styles 
are thinner in the new species. 

DISTRIBUTION AND HABITAT 

Manihinea lynbeazleyae is found in the Perth Canyon 
in the Indian Ocean off Western Australia. This is a 
warm temperate region. It is a deep water species found 
at between 194-232 metres depth on soft sediment. This 
species has not been found elsewhere. 
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FIGURE 4 SEM images of spicules of Manihinea lynbeazleyae sp. nov., holotype: A-E, details of phyllotriaenes; F-O, 
irregular pseudospherasters. 
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ETYMOLOGY 

Named after Professor Lyn Beazley, Chief Scientist 
of Western Australia, for her dedicated advocacy of 
taxonomic science in Western Australia and her strong 
support of sponge research. 

DISCUSSION 

In this new species of Manihinea we have found 
‘pseudospherasters’. In some instances these spicules 
are almost spherical giving the impression that the 
rays could emanate from a single point while in many 
other instances the spicules are streptaster-like, with 
rays appearing to emanate from more than one point. 
These spicules may have originated by modification 
(hypersilification) from some form of streptaster. At this 
stage we use the term ‘pseudospheraster’ to indicate that 
their morphology is suggestive of a ‘false’ spheraster. 

The position of the genus Manihinea in the 
Theonellidae is a special one because of the presence 
of pseudospherasters (described as true spherasters 
by Pulitzer-Finali, 1993), which are unknown in other 
genera of the family. The presence in both species 
of Manihinea of microscleres that are most likely of 
streptaster origin and grade into spheraster-like forms, 
suggest that these microscleres have the same origin. We 
have additional specimens that will assist in determining 
the formation of these spicules, and the results of this 
work will be discussed in a future publication. 

The presence of these spicules places this genus 
close to Racodiscula, which has acanthorhabds typical 
for Theonellidae, and also amphiaster/strepaster-like 
microscleres. We consider that the continued inclusion 
of Racodiscula and Manihinea in Theonellidae is 
still justifiable because they have tetraclone desmas 
and phyllotriaenes as ectosomal spicules typical for 
Theonellidae, but they form a clear subgroup within the 
family because of the presence of streptaster/amphiaster- 
like microscleres. To fully resolve the morphology of 
these spicules and the location of the genera within 
Theonellidae will require the study of additional material 
referred to above. 
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ABSTRACT - Egernia depressa is an extremely spiny species of scincid lizard that occurs in several 
populations with highly variable morphology in western Australia. Using a combination of fixed 
morphological character differences and mitochondrial DNA sequence data, we found evidence for four 
species level groups within the complex. We restrict E. depressa to the log-inhabiting population from 
south-western Australia and resdescribe the species, and describe three new species from the arid 
zone: two from the Pilbara and one from the central ranges. In addition to the genetic differences, the 
species differ in head size, limb length, tail shape, colouration and scalation. Many of the morphological 
characters appear to be adaptations to log or rock-dwelling, with the log-dwelling £. depressa having 
brown colouration, large head, limbs and tail and long thin spines on the body and tail. The two Pilbara 
species are not each other's closest relatives, yet they resemble each other the closest, probably owing 
to a suite of characters adapted for living in rock crevices such as yellow to reddish colouration, smaller 
head and limbs, narrower tail and short strong spines on the body and tail. The central ranges species 
appears to have a combination of characters from log and rock-dwelling forms and is the most isolated 
of the four species. 


KEYWORDS: new species, Egernia, skink, Australia, mitochondrial DNA. 


INTRODUCTION 

Scincid lizards of the genus Egernia Gray, 1839 
(sensu Gardner et al. 2008) are medium to large¬ 
bodied Australian Egernia group skinks with moderate 
morphological diversity and a tendency towards 
sociality (Storr et al. 1999; Chappie 2003). Many 
Egernia species rely on crevices for shelter in either 
rocks or trees, especially fallen logs. The Pygmy Spiny- 
tailed Skink, E. depressa (Gunther, 1875), occurs in 
arid regions in the southern and western portion of 
Western Australia (WA), with widely scattered localities 
in the western half and also south-western Northern 
Territory (Figure 1). They are interesting lizards owing 
to their relatively large body size for a skink and unusual 
appearance featuring complex patterns on a brown to 
reddish colouration and spinose scales along the body, 
especially the tail. Storr (1978) systematically reviewed 


all Egernia occurring in Western Australia, including E. 
depressa. He commented on morphological and colour 
pattern variation within E. depressa and specifically 
mentioned the Pilbara populations as having ‘almost 
diverged to the extent of being a separate subspecies’ (p. 
154). However, he took a conservative approach owing 
to individuals that appeared to be intermediate to the 
southern and Pilbara forms in the upper Ashburton- 
Jiggalong region and also that the central population 
approached the colouration of skinks from the Pilbara. 

More extensive collections are available now, 
including tissue samples for molecular genetic analyses, 
and the morphological variation apparent in southern, 
Pilbara and central populations, allowing a more 
comprehensive taxonomic review of the species and the 
variation identified by Storr (1978). In the present paper, 
we assess the morphological and molecular genetic 
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FIGURE 1 Distribution of the Egernia depressa species-group in Australia. 






PYGMY SPINY-TAIL SKINKS REVISION 


117 


variation across the range of E. depressa. We found 
considerable depth and complexity in the patterns of 
genetic and morphological divergence among regions, 
supporting the recognition of four species level lineages. 
We redescribe E. depressa sensu stricto and describe the 
three other lineages as new species. 

MATERIALS AND METHODS 

MITOCHONDRIAL DNA ANALYSES 

We obtained nucleotide sequences of the mitochondrial 
ND4 gene and flanking tRNAs (Histidine and Serine) 
from 65 lizards (see Figure 1 and Appendices 1 and 2 for 
details of specimens examined and GenBank accession 
numbers). Outgroup taxa were selected on the basis 
of the phylogenetic analysis of the Egernia group by 
Gardner et al. (2008). 

DNA was extracted from tissue samples with a 
Gentra Purgene kit (Qiagen) from frozen or alcohol 
preserved tissues and stored at -20°C. For polymerase 
chain reaction (PCR) amplifications, 50-100 ng of the 
extracted total DNA samples were added to 50 pi reaction 
mixtures containing 2 or 4 mM MgCl„ IX Taq DNA 
buffer, 0.2 mM each of dNTPs, 0.25 mM each primer 
and 0.75 unit of Promega Taq DNA Polymerase. The 
primers used for amplification and direct sequencing of 
part of the mitochondrial ND4 gene are listed in Gardner 
et al. (2008). Amplification was carried out on a Corbett 
FTS-320 Thermal Sequencer and comprised a single 
cycle of denaturation for 3 min at 94°C, annealing for 
45 s at 47°C or 55°C and extension for 1 min at 72°C, 
followed by 34 cycles of 94°C for 45 s, 47°C or 55°C for 
45 s and 72°C for 1 min, ending with a single extension 
step of 72°C for 6 min. PCR products were purified for 
sequencing using BRESAspin™ PCR Purification Kit 
from Bresatec, following the manufacturer’s protocol. 
Each sample had both strands sequenced directly from 
the PCR product using the original PCR primers. 
Products were sequenced on a Corbett FTS-1 Thermal 
Sequencer using the ABI PRISM™ Dye Terminator 
Cycle Sequencing Ready Reaction Kit from Perkin Elmer, 
following the manufacturer’s instructions. The sequencing 
program consisted of 25 cycles of 94°C for 30 s, 50°C 
for 15 s and 60°C for 4 min. Sequencing products were 
electrophoresed on an ABI PRISM 377 Sequencer. 

Evolutionary trees were constructed with the 
maximum likelihood (ML) criterion of optimality 
implemented in the web server version of RAxML 
(Stamatakis et al. 2008), which uses the GTR+r model 
of nucleotide substitution. We applied four partitions 
to the data: first, second and third codon positions for 
the ND4 gene and the tRNA genes. The robustness of 
phylogenetic hypotheses was tested with non-parametric 
bootstrapping from 1000 pseudoreplicates. 

MORPHOLOGY 

We examined specimens in the collections of the 
Western Australian Museum (WAM; hereafter, WAM 


prefixes are excluded from specimen numbers). Table 
1 presents the morphological variables assessed. 
Measurements were made with electronic callipers to 
the nearest 0.1 mm, with SVL, TailL and TrunkL to 
0.5 mm. Individuals were sexed by direct examination 
of the gonads and observations of conspicuous young 
or everted hemipenes. Based on the genetic groupings 
(see Results, below), we measured approximately 20 
individuals from each genetic lineage. 

For the statistical tests, we excluded individuals that 
were 91 mm SVL or less to produce homogeneous 
samples of adult body sizes. We tested for significant 
differences in SVL as a function of sex and group 
with a 2-factor ANOVA. For TrunkL, we used SVL 
as a covariate and sex and group as factors in a 2-way 
ANCOVA. As there were no sex or group differences 
for SVL or TrunkL (see Results, below), we pooled 
males and females for all subsequent analyses. We used 
1-way ANOVAs to test whether there were significant 
differences in the following characters among lineages: 
HeadL, HeadW, HeadD, ArmL, LegL, TailL, TailW, 
SupLab, InfLab, SupCil, EarLob, MB SR, 4FLam and 
4TLam. We used Tukey’s post-hoc test (alpha = 0.05) to 
determine which populations differed significantly from 
each other when the overall ANOVA was significant. 

Other abbreviations: Australian Museum, Sydney 
(AMS), Natural History Museum, London (BMNH), 
Northern Territory Museum and Art Gallery, Darwin 
(NTM), South Australian Museum, Adelaide (SAMA). 

RESULTS 

MOLECULAR GENETICS 

Figure 2 shows the Maximum Likelihood 
phylogenetic tree of mitochondrial nucleotide sequences 
of the E. depressa species-group and a range of 
outgroups. Samples identifiable as members of the E. 
depressa species-group fell into four major clades which 
we refer to as the southern group, central group, eastern 
Pilbara group and western Pilbara group (up to the 
Taxonomy section, below). Each clade received strong 
bootstrap support. The eastern Pilbara group is the well- 
supported sister to the remaining three clades, within 
which the central and the western Pilbara groups form 
a sister clade but without strong support (effectively 
forming an unresolved trichotomy). Mean uncorrected 
genetic distances (p-distance) among the four clades 
range from 4.0% (between the southern and central 
groups) to 7.3% (between the eastern and western 
Pilbara groups), contrasting with mean p-distances 
within groups of a minimum of 0.5% within the central 
group to a maximum of 1.8% within the southern group 
(Table 2). 

MORPHOLOGY 

Table 3 summarizes the morphological measurements 
for the four groups of E. depressa and presents the 
results of the statistical tests. The 2-way ANOVA on 


118 


P. DOUGHTY, L. KEALLEY AND S.C. DONNELLAN 


FIGURE 2 
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Maximum likelihood phylogeny of mitochondrial ND4 nucleotide sequences of the Egernia depressa 
species-group. Branches in grey had bootstrap proportions > 70%. 
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TABLE 1 Meristic characters and their abbreviations 


Character 

Description 

SVL 

Snout-vent length 

TrunkL 

Trunk length from axilla to groin 

HeadL 

Head length from tip of snout to anterior margin of the ear 

HeadW 

Head width, measured level with centre of the ear opening, below the spines 

HeadD 

Head depth, measured level with centre of the ear, in between two spine rows 

ArmL 

Measured from the base of wrist to the elbow 

LegL 

Measured from the base of the heel to the knee 

TailL 

Tail length from vent to tip 

TailW 

Width of the tail at the widest point just below the outer row of spines 

SupLab 

Number of supralabial scales 

InfLab 

Number of infralabial scales, ending with the last small scale in contact with the 
posterior margin of the last upper labial 

SupCil 

Number of supracilaries, beginning with the scale adjoining the prefrontal and loreal, 
and ending with the scale still contacting cilaries and last supraocular 

MB SR 

Number of midbody scale rows, counted midway between axilla and groin 

4FLam 

Number of enlarged subdigital lamellae under fourth finger, counted from finger 
junction to base of claw 

4TLam 

Number of enlarged subdigial lamellae under fourth toe, counted from toe junction to 

base of claw 


TABLE 2 Uncorrected pairwise sequence divergences (%) within (diagonal, bold for emphasis) and between 
(below diagonal) the four lineages in the Egernia depressa species-group. Entries show the range with 
means in parentheses. 


Character southern 

central western Pilbara eastern Pilbara 


southern 1.8 


central 3.7-4.6 (4.0) 

0.5 

western Pilbara 3.8-5.3(43) 

3.8-4.4 (4.1) 0.6 

eastern Pilbara 6.1-8.6 (6.9) 

73-8.0 (7.7) 6.5-8.0 (73) 0.8 
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TABLE 3 Summaries of characters and ratios measured for four groups of the Egernia depressa species-group. 

Mean±SD (range). See Table 1 for abbreviations and Materials and Methods for details of statistical tests 
(NS, not significant: P>0.10, * P<0.05, ** P<0.01, *** PcO.OOl, **** P<0.0001). Sample sizes for all 
individuals measured are presented in the column headings. Subadult (<90 mm) individuals, however, 
were removed from all comparisons involving quantitative variables. Thus, for the first nine characters 
sample sizes for the two Pilbara groups were: western, 12$, 5$, eastern, 10$, 38- tN = 18. 


Character 

southern 

N=22(14<?,8$) 

central 
N=20(10<?, 10$) 

western 

Pilbara 

N = 19(86', 12$) 

eastern 

Pilbara 

N = 22 (86 1 , 13$) 

Statistics 

SVL 

$$: 100.1±3.6 

$$: 98.3±5.7 

$$: 102.8±6.6 

$$: 99.6±3.8 

Overall: F 368 = 1.575 NS 


(97.5-107.5) 

(91.5-108.5) 

(91.5-117.5) 

(91.0-110.0) 



88 : 99.1±3.8 

88 : 101.6±5.0 

88 : 94.9±2.1 

88 : 101.4±4.7 



(93.0-105.0) 

(95.5-110.0) 

(92-97.0) 

(94.0-105.5) 


TrunkL 

$$: 51.1±3.5 

$$: 49.5±5.8 

$$: 54.0±4.0 

$$: 49.5±5.7 

GROUP: F 367 = 2.913 NS 


(45.5-54.9) 

(40.4-58.2) 

(46.6-58.3) 

(38.4-57.1) 

SEX: F 167 = 1.017 NS 


88 ' 48.4±2.2 

88 : 53.0±2.3 

88 : 48.0±3.4 

88 : 50.0±4.0 

COVARIATE (SVL): Fj 67 = 
115.770**** 


(43.7-51.9) 

(49.6-56.1) 

(43.0-51.2) 

(43.5-56.5) 

F 3J2 = 5.094** 

HeadL 

18.3±0.8 

18.1±0.8 

17.4±0.7 

17.8±0.9 



(17.4-20.5) 

(16.3-19.5) 

(16.3-19.1) 

(16.0-19.5) 

F 3J2 = 5.425** 

HeadW 

14.9±1.2 

15.5±1.5 

13.6±1.4 

14.9±1.4 



(13.4-19.1) 

(12.9-17.9) 

(11.0-17.3) 

(11.6-16.7) 

F 3J2 = 4.291** 

HeadD 

12.0±0.6 

12.1±1.0 

11.1±0.9 

11.7±0.8 



(11.2-13.1) 

(10.6-13.8) 

(9.8-12.7) 

(10.4-13.3) 

F 372 = 3.196** 

ArmL 

12.1±0.5 

12.0±0.6 

11.6±0.7 

11.7±0.8 



(11.1-13.0) 

(10.9-12.8) 

(10.1-12.6) 

(10.5-13.2) 

F 3J2 = 14.553**** 

LegL 

12.8±0.6 

12.3±0.5 

11.7±0.6 

11.8±0.6 



(11.8-14.2) 

(11.5-13.1) 

(10.5-12.6) 

(10.8-12.8) 

F 3J2 = 4.832*** 

TailL 

38.5±2.6 

36.8±3.3 

41.1±4.4 

40.1±4.8 



(34.5-43.0) 

(31.0-44.5) 

(33.5-49.8) 

(31.2-47.5) 

F 372 = 13.099**** 

TailW 

17.6±1.1 

17.3±1.0 

15.4±1.4 

16.8±1.2 



(16.2-20.5) 

(15.5-18.8) 

(13.4-17.3) 

(13.6-18.5) 

F 379 = 0.399 NS 

SupLab 

6.0±0.1 

6.1±0.3 

6.0±0.5 

6.1±0.4 



(6-7) 

(6-7) 

(5-7) 

(5-7) 

F 3J9 = 2.623 NS 

InfLab 

5.4±0.5 

5.4±0.5 

5.3±0.6 

5.0±0.4 



(5-6) 

(5-6) 

(4-7) 

(4-6) 

F 3J9 = 105.542**** 

SupCil 

5.4±0.6 

5.6±0.5 

3.9±0.2 

4.0±0.2 



(4-6) 

(5-7) 

(3-4) 

(3-5) 

F 3J9 = 25.295**** 

MB SR 

34.7±1.9 

31.9±0.6 

31.7=1=1.1 

31.8±1.3 



(32-38) 

(31-33) 

(30-34) 

(30-34) 

F 3 79 = 36.048**** 

4FLam 

13.3±1.2 

12.5±0.8 

11.1±0.9 

10.7±0.8 



(12-16) 

(11-15) 

(10-13) 

(9-13) 

F 378 = 30.966**** 

4TLam 

14.8±0.6 

14.3±0.7 

13.3il.Tf 

12.7±0.9 



(14-16) 

(13-16) 

(12-15) 

(11-14) 
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FIGURE 3 Photos in life of Egernia depressa species-group members: A) western Pilbara group (photo - G. 

Gaikhorst), B) eastern Pilbara group (B. Maryan), C) central group (G. Johnston), D) southern group (B. 
Maryan). 


sex and group revealed no significant differences in 
SVL. For the 2-way ANCOVA on TrunkL, SVL was 
significant as a covariate, but sex and group were not 
significant. The ANOVAs for head size variables were 
all significant, with the post-hoc tests all combining the 
southern, central and eastern Pilbara groups together 
with higher values compared to the western Pilbara 
group which had a smaller head (Table 3). For HeadW 
and HeadD, the western Pilbara group had significantly 
lower values than the other three groups, and for HeadL 
both Pilbara populations had lower values than the 
southern and central groups. For ArmL, the western 
Pilbara group had significantly shorter limbs than the 
other three groups. LegL also differed significantly 
among groups, with the post-hoc tests combining the 
Pilbara groups together with the shortest legs, the next 
group with moderate-sized legs was the eastern Pilbara 
and central group and the southern group had the longest 
legs. TailL varied significantly among groups, with the 
central and southern populations having relatively short 
tails, and the southern and both Pilbara groups with 
the longest tails. TailW was significantly narrower in 
the western Pilbara group compared to the other three 
groups with wider tails (Table 3; Figures 3, 4). For 


scalation characters, numbers of labial scales did not 
differ, but the two Pilbara groups had significantly fewer 
supraciliary scales and subdigital lamellae than the 
southern and central groups (Table 3). For MBSR, the 
southern group had significantly higher counts than the 
other three groups (Table 3). 

Qualitative differences in scalation were also apparent 
among groups. In the eastern Pilbara group the nasal 
scale is incompletely divided (grooved below but not 
above nare), whereas in the other three groups the nasal 
is clearly divided above and below the nare (Figure 5). 
In the southern group, the parietal and nearby scales are 
relatively flat, in the central group the posterior border is 
slightly raised with short spines and in the two Pilbara 
groups the posterior border is raised with a prominent 
row of spines. In the southern and central groups, ear 
openings are large and without projecting scales; in 
the two Pilbara groups, the ear opening is small with 
scales that project well into the opening from the 
anterior border. Palmar and plantar scales differed, with 
southern populations having flatter scales and the other 
three groups with slightly rounded, protruding scales. 
Dorsal spines on southern individuals are long and thin 
and lie nearly flat, whereas in the three other groups 
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FIGURE 4 Range of variation in dorsal view among populations of the Egernia depressa species-group. A) 
western Pilbara group, B) eastern Pilbara group, C) southern group, D) central group. 


they are shorter, stouter and project upwards. Spines 
on the eastern Pilbara specimens were the strongest, 
with a triangular appearance when viewed laterally 
and projecting away from the body (Figure 5). Viewed 
from above, lateral spines projected posteriorly at ~10° 
(i.e. almost parallel to body) in the southern group, 
increasing to about 30° in central and western Pilbara 
groups, and to about 45° in the eastern Pilbara group 
(Figure 4). The spines on the tails of southern group 
individuals are conspicuously longer and more recurved 
than the other three groups (Figure 4). Dorsal surface of 
tails of southern individuals are nearly flat, whereas tails 
in the other three groups have slightly tapered edges. 

Colouration and pattern also differed among groups 
(Figures 3, 4). Individuals from the southern group 
have a grey background colouration posteriorly and 
brown head and anterior portion of the body, including a 
brown streak along the neck with a straight ventral edge. 
The other three groups had yellow to reddish-brown 
background colour, with the western Pilbara populations 
having the most reddish colour. The central group shares 
with the southern population the brown streak with a 
straight ventral edge. All populations have irregular 
dark transverse markings on the tail, but are variably 


expressed among them (Figure 4). In the western Pilbara 
group the bands often go up to the level of the arms, in 
the southern group they stop before the arms and in the 
central and eastern Pilbara groups the bands are usually 
confined to tail and posterior portion of body. The bands 
are usually edged with white in the eastern Pilbara and 
southern groups. 

SYSTEMATIC CONCLUSIONS 

Our molecular genetic and morphological analyses 
found evidence for four species-level lineages within 
E. depressa. In his review of E. depressa, Storr (1978) 
remarked on the Pilbara populations being noticeably 
distinct from southern populations. He listed several 
characters that we also measured that varied between 
the two regions, bearing in mind that his Pilbara sample 
combined two of our four groups. Phenotypically, the 
two Pilbara groups are most similar to each other. 
However, the genetic evidence indicates the western 
Pilbara group is more closely related to the southern 
and central groups, and not to the eastern Pilbara 
group. Among the remaining three closely-related 
groups, character state variation ranges from what 
appears to be a log-dwelling morphology (southern 
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group: brownish-grey colour, large head, limbs and 
tail, long thin spines), a rock-dwelling morphology 
(western Pilbara group: red colouration, small head, 
limbs and tail, short stout spines) and an intermediate 
morphology (central group: yellow-red colouration, large 
head, limbs and tail, short stout spines). In the Remarks 
sections for each taxon (below) we speculate further 
on the adaptive significance of these morphological 
characters and possible evolutionary history of the four 
groups. Regardless of these considerations, however, 
our combined molecular genetic and morphological data 
support the notion of four independent evolutionary 
lineages that are all morphologically diagnosable. 
Below we provide brief diagnoses for Egernia and the 
E. depressa species-group, redescribe E. depressa sensu 
stricto (the log-dwelling southern group) and describe 
the other three groups as new species. 

TAXONOMY 

Genus Egernia Gray, 1839 

Egernia Gray, 1839: 288 

TYPE SPECIES 

Tiliqua cunninghami (Gray, 1832), by monotypy. 

DIAGNOSIS (FROM GARDNER ET AL. 2008) 

A genus of medium to large Egernia group skinks; 
usually dorsoventrally compressed, but with a more 
stout habitus in E. kingii and E. rugosa; MBSR 24-46; 
dorsal scales smooth, striated, multi-keeled and/or with 
long spine; postnarial groove (if present) on nasal scale 
in contact with first supralabial; parietals separated 
by interparietal; subocular scale row incomplete; eyes 
relatively small; eyelid colour similar to neighbouring 
scales. 

INCLUDED SPECIES 

Egernia cunninghami (Gray, 1832), E. cygnitos sp. 
nov., E. depressa (Gunther, 1875), E. douglasi Glauert, 
1956, E. eos sp. nov., E. epsisolus sp. nov., E. formosa 
Fry, 1914, E. hosmeri Kinghorn, 1955, E. kingii (Gray, 
1838), E. mcpheei Wells and Wellington, 1984, E. 
napoleonis (Gray, 1838), E. pilbarensis Storr, 1978, 
E. richardi (Peters, 1869), E. rugosa de Vis, 1888, E. 
saxatilis Cogger, 1960, E. stokesii (Gray, 1845), E. 
striolata (Peters, 1870). 

Egernia depressa species-group 

DIAGNOSIS 

Medium-sized (to 110 mm SVL) skinks with 
triangular head and blunt snout, spinose dorsal scalation 
with each scale usually possessing a long central 
spine flanked by two smaller spines, short non-fragile 
dorsoventrally compressed tail with long spines, no 
nuchal scales, litter size usually two. 


Egernia depressa (Gunther, 1875) 
Southern Pygmy Spiny-tailed Skink 

Figures 3-6 

Silubosaurus depressus Gunther, 1875: 15. 

SYNTYPES 

Australia: Western Australia: 2 syntypes, BMNH 
1946.8.18.41-42, from southern interior of WA (Swan 
River). 

DIAGNOSIS 

A member of the E. depressa species-group, with a 
relatively long, deep and broad head, long limbs, long 
and thin dorsal spines that lie almost parallel to body 
and project clearly beyond scale, nasals in broad contact, 
divided nasal scale, numerous supraciliaries (4-6), head 
scales not raised and lacking spines on posterior border, 
ear opening large without lobules projecting over 
opening, 32-38 MBSR, numerous subdigital lamellae on 
fourth digits (fingers 12-16, toes 14-16), slightly raised 
flat scales on palmar and plantar surfaces, tail wide, 
dorsal surface of tail flat with long recurved spines. 
Colouration: head brown with black sutures, anterior 
of body light brown, posterior brownish-grey, irregular 
dark transverse bands on tail and posterior two-thirds of 
body, bands often edged with white. 

DESCRIPTION 

Medium (to 107.5 mm SVL) body size, with robust 
habitus and extremely spiny scalation, especially on the 
flattened tail. Head triangular and robust, snout tapering 
to rounded tip when viewed laterally, slightly concave 
snout when viewed dorsally, brows protruding; upper 
labials 6-7, lower labials 5-6, loreals 2, presuboculars 2, 
supraciliaries 4-6, nasals in contact, postnarial groove 
strong, prefrontals in contact and forming broad suture; 
parietal and neighbouring head scales flat and posterior 
edge without projecting spines; ear opening large, 
oblong and oriented vertically, without enlarged lobules 
or scales projecting over opening; no enlarged nuchal 
scales; neck only slightly narrower than widest part of 
head (above tympani); scales under chin enlarged to 
level between eye and ear, then abrupt shift to series of 
smaller scales that gradually enlarge on ventral surface 
of neck. 

Dorsal scales with one long thin central spine flanked 
by two smaller spines that usually are only half the 
length of the central spine, central spine projecting 
clearly beyond posterior edge of scale; spines on neck 
and forebody angled very low (-20°), posteriorly the 
spines are directed more vertically (~30°) to almost 
vertical on the tail; body with 18-22 longitudinal rows 
of spines. On the upper lateral surfaces the spines are 
directed back towards midline; on lower lateral surfaces 
the spines gradually diminish in size until ventrolateral 
edge, scales in axillary region without spines. Ventral 
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FIGURE 5 Nasal scales (left) and dorsal scalation (right) of members of the Egernia depressa species-group. 

Dorsal scalation photo taken above the arm. Top row, southern group; second row, central group; third 
row, western Pilbara group; fourth row, eastern Pilbara group. 
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FIGURE 6 Syntypes of SHubosaurus depressus (upper - BMNH 1946.8.18.41; lower - BMNH 1946.8.18.42). 
Scale bar = 1 cm. 


scales c. half the size of dorsal scales. Tail wide and 
dorsoventrally compressed, flat dorsally but with ventral 
portion cylindrical; dorsal surface with four longitudinal 
rows of spines, spines on outermost row following 
outline of tail two-thirds along length then enlarging to 
size of lateral rows; two lateral rows of especially long 
recurved spines, dorsal row ending halfway along tail; 
a ventro-lateral row runs most of the length of tail but 
spines are a quarter the size of lateral spines; ventral 
surface smooth, tail tip terminating in a spine. 

Limbs relatively short and robust; 3-5 rows of 
spines on upper portion of limbs with moderately long 
spines; spines not protruding on anterior, posterior and 
ventral surfaces of limbs. Palmar and plantar surfaces 
with slightly raised flat scales; digits short and well- 
developed; finger length: 4>3>2>5>1, toe length: 
4>5>3>2>1; smooth subdigital lamellae: fourth finger 
12-16, fourth toe 14-16. Claws sharp and recurved. 

Colouration 

In life: Eyes red with black pupil. Anterior background 
colour yellowish-brown; brownish-grey posteriorly, 
but with broad intergrade zone centred on upper to 
mid torso; intergradation taking the form of alternating 


broad irregular transverse blocks of colour; dark brown 
to black angled transverse bars on tail and posterior 
portion of body, usually irregular and not forming long 
bands, erratically edged with white; top of snout pale 
with dark sutures. Upper surfaces of limbs brownish- 
grey, usually heavily marked with dark blotches. Pattern 
on sides of body a mixture of posterior brownish-grey 
with irregular dark blotching; on side of neck posterior 
to tympanum a brownish streak often discernable, 
usually with a straight ventral edge, becoming indistinct 
posterior to axillary region. Ventral surfaces pale, 
variably marked with dark blotches or flecks, sutures 
between scales under snout heavily pigmented, ventral 
surface of tail tending to be more heavily marked than 
the rest of the body, markings sometimes forming 
longitudinal blotches. 

In spirit: Very similar to live colouration, except 
generally darker in appearance in older specimens. 

VARIATION 

Table 3 presents the ranges for morphological 
characters measured. The transverse bars on the tail and 
dorsum ranged from continuous bars across the body 
or smaller scattered blotches. The white edging on the 
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bars was also variable, with about half the individuals 
possessing them. The ventral edge of the brown streak 
on the side of the neck varied from straight to irregular; 
the dorsal edge of the streak was usually distinct from 
the anterior brown colouration but on many specimens 
the streak approached the background colour and so was 
ill-defined. As reported by Storr (1978), juveniles tend to 
have only the single central spine on the dorsal scales, 
with the flanking spines to either side developing more 
strongly as individuals approach adult size. 

HABITAT 

Prefers open woodland, especially mulga, where they 
will shelter in dead trees and fallen logs. Also occurs 
on granite outcrops where available (e.g. surrounded by 
mulga woodland). 

DISTRIBUTION 

Western Australia, from 100 km west of Kalgoorlie 
in the southeast of its range, west to the Wongon 
Hills, north and west to below the Northwest Cape 
and north and east to near Newman (but not occurring 
on the Pilbara craton). Older records from Perth and 
Albany are the result of accidental transportation. The 
specimens from two older records from Korrelocking 
and Marvel Loch cannot be located so we have excluded 
them from the map in Figure 1. 

ETYMOLOGY 

The adjective depressa (Latin) refers to the dorso- 
ventrally flattened appearance of this species. 

COMPARISON WITH OTHER SPECIES-GROUP 
MEMBERS 

Egernia depressa can be distinguished from the 
other three members of the species-group by browner 
colouration (v. yellow to reddish-brown colouration), 
flat scales on head and palmar and plantar surfaces, 
more MBSR (~ 35 v. 32), dorsal spines are long, thin 
and lie almost parallel to body (v. short and stout spines 
that project upwards) and wide tail with flat dorsal 
surface and long recurved spines (v. narrower tails with 
relatively short and straight spines). It differs further 
from the two Pilbara species by possessing a relatively 
large head and limbs, large ear opening without 
projecting scales, more numerous supraciliaries and 
subdigital lamellae and having the brown streak with 
straight ventral edge on the side of the neck. Further 
distinguished from E. epsisolus sp. nov. by a completely 
divided nasal scale (v. not divided above nare). 

REMARKS 

With the recognition of three other species from the E. 
depressa species-group, the range of E. depressa sensu 
stricto is reduced. The brown colouration, large head, 
limbs and tail and long thin spines on the dorsum and 
tail of E. depressa may represent adaptations to living in 
crevices in logs (see also Hollenshead 2011). However, 
the species is not restricted to logs, as small groups of 
individuals have been observed in crevices in granite 


outcrops surrounded by mulga woodlands (B. Maryan, 
G. Gaikhorst, pers. comm.). The long thin spines of E. 
depressa may be more advantageous in log hollows than 
in rock crevices with a relatively smooth and very hard 
texture. Perhaps the spines can catch irregularities inside 
logs to avoid dislodgment by a predator. Conversely, 
hollows in logs may result in less wear on spines 
compared to rock crevices, obviating the need to make 
the spines short, stout and projecting outwards (see also 
remarks below for rock-dwelling species). However, 
these ideas are speculative and functional tests of spine 
structure are needed to test them. 

Conservation status of E. depressa appears to be 
secure, although the closely-related E. stokesii badia 
from the wheatbelt also shelters in similar logs and 
has suffered precipitous declines since the arrival of 
Europeans (How et al. 2003). 

Egernia eos sp. nov. 

Central Pygmy Spiny-tailed Skink 

Figures 3-5, 7 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: R98077 ($), Ainsley 
Gorge, 15.8 km ESE Warburton, 26°14’S, 126°42’E. 
Collected by G. Johnston on 14 December 1987. 

Paratypes 

Australia: Western Australia: R14638 ($), Warburton 
mission, 26°08’S, 126°35’E; R15697 ($), 32 km E 
Warburton mission, 26°13’S, 126°52’E; R15734 ( 5 ), 32 
km E Warburton mission, 26°13’S, 126°52’E; R31363 
(S), Warburton mission, 26°08’S, 126°35’E; R98078 
0% Ainsley Gorge, 15.8 km ESE Warburton, 26°14’S, 
126°42’E; R98083 0 ), 6 km N Mantamaru, 25°46’S, 
127°43’E. 

Australia: Northern Territory : NTM R36432 
(formerly WAM R34201); 6 km N Mt Bowley, 25°06’S, 
129°45’E. 

DIAGNOSIS 

A member of the E. depressa species-group, with a 
relatively long, deep and broad head, moderately long 
limbs, short and stout dorsal spines that project upwards, 
nasals in short contact, divided nasal scale, numerous 
supraciliaries (5-7), parietal and other head scales slightly 
raised posteriorly with low row of spines, ear opening 
large and without lobules projecting over opening, 31-33 
MBSR, relatively large numbers subdigital lamellae on 
fourth digits (fingers 11-15, toes 13-16), slightly round 
scales on palmar and plantar surfaces, tail relatively short 
and wide with rounded edges dorsally and long lateral 
spines slightly recurved. Colouration: yellowish-brown 
with pale sides, short dark irregular transverse bands 
usually confined to tail, sides and upper surfaces of 
limbs, brownish streak from tympanum extending past 
arm, occasionally forward to snout. 
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FIGURE 7 Holotype of Egernia eos sp. nov. (WAM R98077), showing dorsal, lateral and ventral views. Scale bar = 1 cm. 
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DESCRIPTION 

Medium (to 108.5 mm SVL) body size, with robust 
habitus and extremely spiny scalation, especially 
on the flattened tail. Head triangular and robust, 
snout tapering to rounded tip when viewed laterally, 
slightly concave snout when viewed dorsally with 
brow protruding; upper labials 6-7, lower labials 
5-6, loreals 2, presuboculars 1-2, supraciliaries 5-7, 
nasals usually in short contact (from not in contact to 
about half the height of nasal scale), postnarial groove 
strong; prefrontals in contact and forming broad suture; 
parietal and neighbouring head scales with raised 
posterior border with a short row of spines; ear opening 
large, oblong and oriented vertically, with lobules not 
projecting into opening; no enlarged nuchal scales; neck 
only slightly narrower than widest part of head (above 
tympani); scales under chin enlarged to level between 
eye and ear, then abrupt shift to series of smaller scales 
that gradually enlarge on ventral surface of neck. 

Dorsal scales with a stout central spine flanked by 
two slightly smaller spines that usually are greater than 
two-thirds the length of the central spine, central spine 
only slightly projecting beyond posterior edge of scale, 
spines on dorsum oriented c. 30° away from dorsum; 
body with 20-24 longitudinal rows of spines. On the 
upper lateral surfaces the spines are directed back 
towards midline; on lower lateral surfaces the spines 
gradually diminish in size until ventrolateral edge, 
scales in axillary region without spines. Ventral scales c. 
half the size of dorsal scales. Tail moderately wide and 
dorsoventrally compressed, almost flat dorsally but with 
rounded edges and ventral portion cylindrical; dorsal 
surface with four longitudinal rows of spines, the outer 
row following outline of tail near distal third or quarter, 
then enlarged to size of other lateral row; spines on a 
third ventrolateral row reduced to a quarter of the size 
of the first two lateral rows; lateral rows of spines longer 
and slightly recurved; ventral surface smooth, tail tip 
terminating in a spine. 

Limbs relatively short and robust; 3-5 rows of spines 
on upper portion of limbs with moderately long spines; 
spines not protruding on anterior, posterior and ventral 
surfaces of limbs. Palmar and plantar surfaces with 
slightly rounded scales; digits short and well-developed; 
finger length: 4>3>2>5>1, toe length: 4>3>5>2>1; 
smooth subdigital lamellae: fourth finger 11-15, fourth 
toe 13-16. Claws sharp and recurved. 

Colouration 

In life: Background colour yellowy-brown; irregular 
blackish-brown short (up to about half the width of 
the body) transverse bars on tail, posterior portion of 
body, sides and upper surfaces of limbs. Conspicuous 
dark orangish-brown streak (2-3 scales high) from 
tympanum extending posteriorly to above arm and 
fading past arm or joining dark markings on sides; often 
extending anteriorly to eye above supralabial scales 
and to snout. Ventral surfaces yellowish white, with 


widely scattered dark blotches or flecks, sutures between 
scales under snout occasionally pigmented, neck with 
darker variegations evident and often forming loose 
longitudinal lines, ventral surface of tail tending to be 
more heavily marked than the rest of the body. 

In spirit: Very similar to live colouration, except 
generally darker in appearance in older specimens. 

VARIATION 

Table 3 presents the range of values of the 
morphological characters measured. Although there was 
variation in some scalation characters, this was relatively 
small within E. eos. However, some adults showed clear 
wearing of the spines as evidenced by a flat edge at the 
tip; larger individuals also tended to have more broken 
spines. Juveniles have only a single central spine on the 
dorsal scales; the flanking spines elongate as individuals 
approach adult size. Colouration in preserved specimens 
ranged from a light greyish-yellow to a deeper yellowy 
brown. There was variation in the darkish variegations 
on the chin, ranging from scattered spots to longitudinal 
lines. The sutures between the enlarged chin scales also 
varied from unmarked to edged with dark brown. Two 
individuals (R60692, R98083) were unusual in that the 
transverse bars on the dorsum were present up to the 
level of the arms. Juveniles tended to be more heavily 
marked, especially the brown streak on the neck and the 
vertical bars on the sides. 

HABITAT 

Collection notes of three specimens report individuals 
being found ‘under large red granite rocks’ or ‘in rock 
crevice’. Three other notes mention ‘in mulga wood’ or 
simply ‘mulga flat’. 

DISTRIBUTION 

Eastern interior of Western Australia and extreme 
south-western Northern Territory (Figure 1). Most 
records are from the Warburton area but there are 
also two records from the Northern Territory near 
Mt Bowley in the Peterman Ranges. In addition, two 
specimens are recorded as being from Well 46 on the 
Canning Stock Route, over 250 km to the north of all 
other records. The sole specimen still extant (R4059) 
conforms in all aspects with other E. eos specimens. 

ETYMOLOGY 

eos (Latin) refers to dawn, alluding to their eastern 
distribution relative to the other members of the species- 
group and the yellowy-red colour of the sky in the 
morning that appears in the east. Used as a noun in 
apposition. 

COMPARISON WITH OTHER SPECIES-GROUP 
MEMBERS 

Egernia eos shares a similar background colouration 
to the two Pilbara species, but other morphological 
features are more similar to E. depressa sensu stricto. 
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The colouration mainly differs from the two Pilbara 
species by having a more conspicuous brown streak that 
runs between the tympanum to above the arm, similar 
to E. depressa. From E. cygnitos sp. nov. it differs by 
having a more yellowy background colour with the black 
transverse bands not usually extending to the arms. 
From E. epsisolus sp. nov. it differs by not having the 
black bands edged with white. 

Morphologically, E. eos differs from E. depressa by 
having fewer MB SR (average of 32 v. 35), the parietal 
and other head scales have slightly raised posterior edges 
with a row of low spines (v. flat and lacking spines), 
palmar and plantar scales slightly rounded (v. flat), tail 
with rounded edges (v. flat) and most conspicuously by 
possessing short strong spines on the dorsum that project 
upwards (v. long thin spines that lie almost parallel 
to the body). Compared to the two Pilbara species ( E . 
cygnitos sp. nov. and E. epsisolus sp. nov.), E. eos differs 
by possessing more supraciliaries (average of 5.6 v. 3.9 
and 4.0) and in having an ear opening and head and 
limb sizes similar to E. depressa (i.e. large head and 
limbs). Further characters to separate E. eos from the 
Pilbara species are a completely divided nasal scale (v. 
incomplete in E. epsisolus sp. nov.) and moderately wide 
tail (v. narrow in E. cygnitos sp. nov.). 

REMARKS 

Morphologically, E. eos resembles E. depressa most 
closely, including the basic body proportions (large 
head and limbs, wide tail), numerous supraciliaries, 
large tympanum and also the brown streak on the neck. 
However, E. eos shares with the two Pilbara species the 
short, stout, upwards-projecting spines on the dorsum as 
well as the shorter, straighter spines on the edge of the 
tail. It is possible that E. eos has more recently moved 
to rock-dwelling habits from a log-dwelling ancestor 
shared with E. depressa. This would be true if body 
proportions were less evolutionarily labile than colour 
and scale characteristics. However, owing to the small 
number of evolutionary changes in rock v. log-dwelling 
habits within the E. depressa species-group and 
unknown polarity of the ancestral condition in Egernia, 
this idea is speculative, although consistent with the 
morphological and genetic patterns presented here. 
Another hypothesis is that E. eos makes use of crevices 
in both rocks and logs, and therefore shows adaptations 
to both habitats. 

We recommend the conservation status of E. eos is 
listed as ‘data deficient’. There have been few biological 
expeditions to the central ranges, so observations of 
individuals and potential threats are limited. Owing to 
the isolated records on the Canning Stock Route and 
in the Northern Territory it is likely that other widely- 
scattered populations exist. Further observations would 
be welcome to help understand this very remote and 
enigmatic species. 


Egernia cygnitos sp. nov. 

Western Pilbara Spiny-tailed Skink 

Figures 3-5, 8 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: R114257 ($), Myaree 
Pool, 20°51’S, 116°36’E. Collected by M. Peterson and 
G. Shea on 8 July 1992. 

Paratypes 

Australia: Western Australia : R146626 ($), 198 km 
S Port Hedland, 22°06’08”S, 118°59’24”E; R157599 
0 ), 10 km NE Newman, 23°18’35”S, 119°47’51”E; 
R159890 ($), 5 km E Whim Creek Hotel, 20°50’54”S, 
117°51’16”E; R161012 0 ), 6 km SE Marda Pool, 
21°04’11”S, 116°12’15”E; R165231 ($), 3.5 km S Marda 
Pool, 21°03’55”S, 116°09’01”E; R170736 0 ), 13.5 km 
NNE Mount Rica, 21°52’17”S, 116°28’21”E. 

DIAGNOSIS 

A member of the E. depressa species-group, with 
a relatively small and flattened head, relatively short 
limbs, short and stout dorsal spines that project upwards, 
nasals in point to broad contact, divided nasal scale, 
few supraciliaries (3-4), posterior border of parietal 
and neighbouring head scales raised and with a row 
of moderately developed spines, ear opening small 
with lobules projecting from anterior border, 30-34 
MBSR, subdigital lamellae on fourth fingers 10-13, 
toes 12-15, slightly round scales on palmar and plantar 
surfaces, tail narrow with relatively short stout spines 
that curve slightly forwards and projecting posteriorly 
at approximately 45°. Colouration a rich reddish-brown 
with dark brown to black irregular transverse bars (not 
edged with white) on posterior portion of body that 
usually extend to level of arms. 

DESCRIPTION 

Medium (to 102.5 mm SVL) body size, with robust 
habitus and extremely spiny scalation, especially on 
the flattened tail. Head triangular and robust, snout 
tapering to rounded tip when viewed laterally, slightly 
concave snout when viewed dorsally with brow 
protruding; upper labials 5-7, lower labials 4-7, loreals 
2, presuboculars 2, supraciliaries 3-4, nasals in point 
to broad contact, postnarial groove strong, prefrontals 
in contact and forming broad suture; headscales raised 
posteriorly with a row of spines on posterior edge; 
ear opening small and round to oblong and oriented 
vertically, enlarged scales projecting into opening 
from anterior edge; no enlarged nuchal scales; neck 
only slightly narrower than widest part of head (above 
tympani); scales under chin enlarged to level between 
eye and ear, then abrupt shift to series of smaller scales 
that gradually enlarge on ventral surface of neck. 
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FIGURE 8 Holotype of Egernia cygnitos sp. nov. (WAM R114257), showing dorsal, lateral and ventral views. Scale 
bar = 1 cm. 
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Dorsal scales with a short stout central spine flanked 
by two smaller spines approximately two-thirds the 
length of the central spine, spines projecting upwards 
from scale and central spine projects slightly beyond 
posterior border of scale; body with 16-18 longitudinal 
rows of spines. On the upper lateral surfaces the 
spines are directed back towards midline; on lower 
lateral surfaces the spines gradually diminish in size 
to ventrolateral edge, scales in axillary region with at 
most diminutive spines. Ventral scales c. half the size of 
dorsal scales. Tail relatively narrow and dorsoventrally 
compressed, almost flat dorsally (edges are slightly 
rounded) but with ventral portion convex; dorsal surface 
with four longitudinal rows of spines with the outer rows 
following edge of tail half way along length after which 
the spines are enlarged to size of lateral spines; two rows 
of enlarged lateral spines, curved slightly forwards and 
projecting laterally approximately 45°, uppermost row 
terminating when outer dorsal row meets edge of tail; 
spines of ventrolateral row reduced to about one quarter 
the length of two lateral rows of spines; ventral surface 
smooth, tail tip terminating in a spine. 

Limbs relatively short and robust; 3-5 rows of spines 
on upper portion of limbs with moderately long spines; 
spines not protruding on anterior, posterior and ventral 
surfaces of limbs. Palmar and plantar surfaces with 
slightly rounded scales; digits short and well-developed; 
finger length: 4>3>2>5>1, toe length: 4>3>5>2>1; 
smooth subdigital lamellae: fourth finger 10-13, fourth 
toe 12-15. Claws sharp and recurved. 

Colouration 

In life: Eyes red with black pupil. Background colour 
rich reddish-brown; blackish-brown short transverse 
bars or isolated blotches on tail, dorsum (usually to level 
of arms), sides and upper surfaces of limbs. Top of head 
browner than rest of dorsum; upper labials suffused 
with pale light red; transition from dorsal to ventral 
colouration on neck gradual, at most only a faint streak 
posterior to tympanum; sutures on snout and gular 
region unpigmented. Ventral surfaces yellowish white, 
with widely scattered dark blotches or flecks, ventral 
surface of tail tending to be more heavily marked. 

In spirit: Similar to colouration in life, except older 
specimens tend to fade to a browner colour and upper 
labials whitish. 

VARIATION 

Table 3 presents the range of values of the 
morphological characters measured. Most individuals 
corresponded closely to the description above, with a 
few exceptions. Two specimens (R137876, R157599) had 
an undivided nasal scale, a character usually diagnostic 
for E. epsisolus sp. nov., indicating this condition can be 
present at low frequency. These individuals nevertheless 
had characteristics consistent with E. cygnitos. As for 
other members of the species-group, juveniles only had 


a single spine on the dorsal scales. Most of the variation 
apparent was in how far the transverse bands went up 
the body. In most individuals the bands went up to the 
level of the arms, but in many individuals these bands 
became diffuse or consisted of widely-spaced blotches 
(see Figure 4A). The specimen R129663 was distinctive 
in having very heavy dark markings compared to other 
individuals. 

HABITAT 

Observed to frequent rock crevices or large rock slabs 
among rocky outcrops. One specimen was recorded as 
occurring on a ‘detrital slope’ with Triodia. 

DISTRIBUTION 

Pilbara region of Western Australia, excluding most 
of the Chichester IBRA subregion (Thackway and 
Cresswell 1995) except for the southern Chichester 
Range bordering the Fortescue Marsh (Figure 1). 

ETYMOLOGY 

cygnitos (Greek) means resembling the red dwarf star 
61 Cygni in the constellation Cygnus (over 11 light years 
from Earth), in reference to the reddish colouration of 
this species relative to the eastern Pilbara species. Used 
as a noun in apposition. 

COMPARISON WITH OTHER SPECIES-GROUP 
MEMBERS 

Egernia cygnitos is phenotypically similar to E. eos 
and E. epsisolus sp. nov. in having yellow- to reddish- 
brown colouration, few MB SR (~32), the spines on the 
dorsum are short, stout and project upwards and the 
spines on the tail are short and only slightly curved. In 
contrast to E. depressa, E. cygnitos has predominantly 
reddish-brown colouration, smaller head and limbs, 
narrower tail, fewer MBSR (v. —35), fewer supraciliaries 
(average of 3.9 v. 5.4), fewer subdigital lamellae, 
headscales with raised posterior border with a row of 
spines, small ear opening with projecting spines, short 
and stout dorsal spines that point upwards and tail with 
rounded edges dorsally and shorter, straighter spines. 

From E. eos, E. cygnitos differs by possessing a 
deeper reddish colouration, absence of brown streak 
on neck, the black transverse bars occur up to level of 
arms (v. usually restricted to tail and posterior dorsum), 
smaller head and limbs, longer and thinner tail, fewer 
supraciliaries (average of 3.9 v. 5.6), fewer subdigital 
lamellae, headscales raised at posterior edge with a row 
of moderately developed spines and small ear opening 
with projecting scales. 

From E. epsisolus sp. nov., E. cygnitos differs 
by possessing more reddish colouration, the black 
transverse bars occur up to level of arms (v. usually 
restricted to tail and posterior dorsum) and are not 
edged with white, divided nasal (v. grooved only below 


132 


P. DOUGHTY, L. KEALLEY AND S.C. DONNELLAN 


the nare), smaller head, dorsal spines stout (but not 
triangular) and a thinner tail. 

REMARKS 

Although Storr (1978) believed that Pilbara 
populations of E. depressa may have represented 
an undescribed subspecies, he hesitated owing to 
what he believed were intermediate individuals in 
the Ashburton-Jiggalong region to the south of the 
Pilbara. We now know that there is a mixture of both 
forms in the area near Newman (Figure 1), but the 
forms are quite distinct. The existence of a second 
Pilbara species revealed by skeletal (Hollenshead 2011), 
external morphology and genetic differences (this paper) 
likewise delayed our own resolution of the problem 
before the combined patterns of morphological and 
genetic variation were clear (see also Remarks below for 
E. epsisolus sp. nov.). 

Egernia cygnitos shares with E. eos and E. epsisolus 
sp. nov. a suite of characters that appear to be 
adaptations for living in crevices in rocks. Unlike the 
spines of the log-dwelling E. depressa sensu stricto, 
the spines are short, stout and point upwards. The tail 
has evolved to be the thinnest within the species-group 
and the spines are relatively short and straight (Figure 
4). It may be that the long thin spines of E. depressa 
are adaptations to lodging within a crevice within a log, 
whereas the short strong spines of E. cygnitos and the 
other rock-dwellers resist breakage and are designed to 
anchor the animal within a hard substrate (smooth rock) 
compared to the presumably more irregular surfaces and 
cavities inside fallen logs. 

Egernia epsisolus sp. nov. 

Eastern Pilbara Spiny-tailed Skink 

Figures 3-5, 9 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : R132848 ($), 15 km 
E Mt Francisco, 21°24 , 05”S, 118 0 42’22”E. Collected by 
RC. Withers and G.G. Thompson on 22 June 1998. 

Paratypes 

Australia: Western Australia : R16659 ($), Mt 
Edgar, 21°19’S, 120°03’E; R108381 (?), Nimingarra, 
20°24’00”S, 120°01’08”E; R132846 ( 8 ) and R132847 
( 5 ), as for holotype; R145591 ( 8 ), 69 km S Port 
Hedland, 20°54’36”S, 118°40’48”E; R170818 ( 8 ), Old 
Pilga homestead, 21°29’S, 119°25’E. 

DIAGNOSIS 

A member of the E. depressa species-group, with 
a relatively small and flattened head, relatively 
short limbs, short triangular dorsal spines that 
project upwards, nasals in point contact, nasal scale 
incompletely divided (grooved below nare; ungrooved 


dorsally), posterior border of parietal and neighbouring 
head scales raised and with a row of moderately 
developed spines, few supraciliaries (3-5), ear opening 
small with scales projecting from anterior border, 30-34 
MBSR, subdigital lamellae on fourth fingers 9-13, toes 
11-14, slightly rounded scales on palmar and plantar 
surfaces, tail moderately thin with relatively short 
stout spines that curve slightly forward and projecting 
posteriorly at approximately 45°. Colouration a pale 
yellowy-brown with dark brown to black irregular 
transverse bars edged with white on tail and posterior 
half of body. 

DESCRIPTION 

Medium (to 110 mm SVL) body size, with robust 
habitus and extremely spiny scalation, especially on 
the flattened tail. Head triangular and robust, snout 
tapering to rounded tip when viewed laterally, slightly 
concave snout when viewed dorsally with brow 
protruding; upper labials 5-7, lower labials 4-6, loreals 
2, presuboculars 2, supraciliaries 3-5, nasals in point 
contact, nasal scale incompletely divided (groove only 
present below and behind nare), prefrontals in contact 
and forming broad suture; posterior edge of head 
scales raised and with a moderately developed row of 
spines; tympanum small, round to oblong and oriented 
vertically, with enlarged scales projecting into opening 
from anterior edge; no enlarged nuchal scales; neck 
only slightly narrower than widest part of head (above 
tympani); scales under chin enlarged to level between 
eye and ear, then a shift to a series of smaller scales that 
gradually enlarge on ventral surface of neck. 

Dorsal scales with a short triangular (in lateral 
view) central spine flanked by two smaller spines that 
are half to two-thirds the length of the central spine, 
spines projecting upwards from scale and central spine 
projects slightly beyond posterior border of scale; body 
with 16-20 longitudinal rows of spines. On the upper 
lateral surfaces the spines are directed back towards 
midline; on lower lateral surfaces the spines gradually 
diminish in size until ventrolateral edge, scales in 
axillary region with at most diminutive spines. Ventral 
scales c. half the size of dorsal scales. Tail moderately 
wide and dorsoventrally compressed, flat dorsally but 
with edges rounded, ventral portion convex; dorsal 
surface with four longitudinal rows of spines, outer 
rows following outline of tail halfway along length after 
which spines enlarged to size of lateral spines; two rows 
of enlarged lateral spines, curved slightly forwards and 
projecting laterally approximately 45°; upper lateral 
row terminating when outer dorsal row meets edge of 
tail half way along length; spines of ventrolateral row 
reduced to about a quarter of elongate lateral spines; 
ventral surface smooth, tail tip terminating in a spine. 

Limbs relatively short and robust; 3-5 rows of spines 
on upper portion of limbs with moderately long spines; 
spines not protruding on anterior, posterior and ventral 
surfaces of limbs. Palmar and plantar surfaces with 
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FIGURE 9 Holotype of Egernia epsisolus sp. nov. (WAM R132848), showing dorsal, lateral and ventral views. 
Scale bar = 1 cm. 
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slightly rounded scales; digits short and well-developed; 
finger length: 4>3>2>5>1, toe length: 4>3>5>2>1; 
smooth subdigital lamellae: fourth finger 9-13, fourth 
toe 11-14. Claws sharp and recurved. 

Colouration 

In life: Eyes red with black pupil. Background colour 
pale yellowish-brown to light reddish-brown, with subtle 
darker patches sometimes present; blackish-brown short 
transverse bars on tail, posterior half of dorsum, sides, 
and upper surfaces of legs and usually arms; usually 
edged with white. Top of head slightly darker than rest 
of dorsum; upper labials pale, sutures edged brown; 
sometimes a faint narrow brownish streak posterior 
to tympanum with straight ventral border; sutures on 
snout and gular region usually unpigmented, although 
some signs of light variegations on the ventral portion of 
the neck are evident. Ventral surfaces yellowish white, 
with sparsely scattered dark flecks especially near distal 
edges, ventral surface of tail tending to be more heavily 
marked. 

In spirit: Preserved specimens tend to appear browner 
than those in life. In addition, specimens in spirit show 
less reddish colouration and tend to be a yellowy-brown 
compared to live individuals. Otherwise, the colour 
patterns are similar to those of live individuals. 

VARIATION 

Table 3 presents the ranges of morphological variables 
recorded in our sample of E. epsisolus. Most specimens 
conformed reasonably well to the description above, 
although there were no juveniles in the collection 
for examination. Colour pattern varied slightly in 
that there were often variably expressed light brown 
transverse bands on the upper part of the body (Figure 
4). The variegations on the neck showed a wide range 
of variation from none to loosely connected networks of 
lines that tended to run longitudinally. 

HABITAT 

Collection records indicate E. epsisolus most often 
occur on exfoliating granite outcrops, with a mixture of 
Triodia species present. 

DISTRIBUTION 

Chichester IBRA subregion of the Pilbara region, 
Western Australia. Replaced in the Chichester Range 
near the Fortescue River by E. cygnitos. Also a single 
outlying record from 80 km south of Telfer in the Little 
Sandy Desert. 

ETYMOLOGY 

epsisolus (Greek) means resembling the yellow dwarf 
star Epsilon Eridani in the constellation Eridani (10.4 
light years from Earth), in reference to the more yellowy 
colouration of this species relative to the western Pilbara 
species. Used as a noun in apposition. 


COMPARISON WITH OTHER SPECIES-GROUP 
MEMBERS 

Egernia epsisolus is phenotypically similar to the 
other two rock-dwelling forms, E. eos and E. cygnitos, in 
having yellow- to reddish-brown colouration, posterior 
edge of headscales raised with a row of spines, rounded 
scales on plantar and palmar surfaces, few MBSR (~32), 
the spines on the dorsum are short, triangular and project 
upwards and the spines on the tail are short and only 
slightly curved. In contrast to E. depressa, E. epsisolus 
has yellowy-brown colouration (v. predominantly 
brownish-grey), divided nasal scale, rugose (v. flat) head 
scales, fewer MBSR (~32 v. 35), more supraciliaries 
(average of 4.0 v. 5.4), smaller limbs, fewer subdigital 
lamellae, short strong projecting spines on body and tail 
(v. long thin dorsal spines that lie almost parallel to body 
and longer, recurved spines on the tail). 

From E. eos, E. epsisolus differs by having white 
edging on the black transverse bars, wide brown 
streak on the neck absent (although a thin faint streak 
is sometimes present), an incompletely divided nasal 
scale, narrower and less deep head, shorter legs, fewer 
supraciliaries, posterior edge of head scales raised higher 
and with taller spines, ear opening small with projecting 
scales and fewer subdigital lamellae. 

From E. cygnitos, E. epsisolus differs by possessing 
more yellowish colouration, the black transverse bars 
are usually restricted to the tail and posterior dorsum 
and have white edging, the nasal scale is incompletely 
divided, the dorsal spines are triangular (v. merely stout) 
and the tail is slightly wider. 

REMARKS 

The existence of a second species in the Pilbara was 
surprising, given the phenotypic similarities between 
the two species. However, the genetic analysis clearly 
indicated that rather than being a closely-related sister 
species to E. cygnitos, E. epsisolus is a more ancient 
sister to all three of the other E. depressa species- 
group members (Table 2, Figure 2). However, further 
genetic sampling (e.g. sequencing nuclear genes) could 
change the pattern of relationships we recovered with 
the mitochondrial DNA and tRNA dataset. Egernia 
epsisolus is also the only member within the species- 
group to possess an incompletely divided nasal scale 
above the nare (below the nare it resembles the other 
three species in being deeply grooved; Figure 5). 
Another difference is the white-edged transverse bands 
(also occurring on E. depressa), but their significance is 
also unknown. Characters more obviously involved in 
evolving to a crevice-dwelling existence among rocks 
are the small head and limbs and the short strong spines 
on the body and tail (see also Hollenshead 2011). 

Within the Chichester region and the Little Sandy 
Desert, populations of E. epsisolus seem to be secure, 
although no studies have been conducted. A conservative 
recommendation for conservation status would be simply 
to list it as ‘data deficient’ until studies are conducted. 
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APPENDIX 1 

Other material examined. M , mtDNA examined; m , 
examined mtDNA and morphologically; unmarked 
vouchers examined for morphology only. Numbers in 
bold indicate sites from which specimens had mtDNA 
sequenced and are also indicated on the map in Figure 
1 and the phylogenetic tree in Figure 2. SA, South 
Australia; AMS, Australian Museum, Sydney; SAMA, 
SA Museum, Adelaide; NTM, Northern Territory 


Museum, Darwin. Unless otherwise stated, all locations 
are in Western Australia. 

Egernia depressa (=southern group) AMS : 
R102676 M , 27 , Menzies; SAMA : R22847 M , R29355 M , 
6 M , 7 M , 8 M , 9 M , 21 , Overland Roadhouse, Shark 
Bay; R34037 M , 14 , Mount Phillip HS; R34043 M , 

23 , Yoothapinna HS. WAM : R2700 0 ), Kojonup, 
Malvern, Orchid Valley, 25°08’S, 117°09’E; R12994 
(?), Cundeelee Mission, 30°44’S, 123°25’E; R17677 
(?), Mt Margaret Mission, 28°48’S, 112 0 ll’E; R25666 
0 ), Gnows Nest, 51 km S Yalgoo, 28°35’S, 116°52’E; 
R46229 0 ), 80 km NNW Sandstone, 27°22’S, 
119°03’E; R60932 0 ), 9 km SW Paynes Find, 29°18’S, 
117°38’E; R65717 (?), R72755 0 ), 7.5 km NE Comet 
Vale, 29°53’40”S, 121°10’45”E; R67087 0 ), 1.5 km S 
Mt Jackson, 30°15’S, 119°15’E; R69236 ($), R69237 
(?), Gum Well 13 km SE Banjawarn HS, 27°47’20”S, 
121°42 , 00”E; R72655 0 ), R72656 (?), 6.75 km NE 
Comet Vale, 29°54’00 ,, S, 121 o 10’10”E; R74618 ($), 
3.5 km NE Comet Vale, 29°55’10”S, 121°08’30”E; 
R102776 M , 16 , Little Sandy Desert; R114256 m 0 ), 19 , 
NW end of Mt Fraser, 25°35’S, 118 0 22’E; R120493 m 0 ), 
17 , 40 km SSE Carnarvon, 25 o 07’33”S, 113°49 , 22”E; 
R120631 M , 15 , 8.6k SE Mardathuna; R120863 M , 
R125781 M , 20 , 5.8k SE Old Woodleigh; R125553 M , 18 , 
Randall Well 210k NNE Meekatharra; R127598 M ($), 
26 , 21 km S Leonora, 29°04’S, 121°20’E; R129967 M , 

24 , Mt Joel; R131497 M , 25 , Barwidgee; R132192 
0 ), Duketon, 27°50’49”S, 122 0 15’49”E; R132503 M , 
22 , Jundee; R134924 0 ), 5 km W Hampton Hill, 
30°44’S, 121°42’E; R136630 0 ), Lake Mason Station, 
27°35’13”S, 119 o 29’06”E; R145383 0 ), Goongarrie 
Station, 30°01’22”S, 121°02’40”E; R156171 0 ), 
Waldburg Station, 24 o 45’40”S, 117°11’25”E; R162910 M , 
162911 M , 12 - 13 , NNE Boologooro; R167600 M , 167602 M , 
167606 M , 167613 M , 167616 M , 167617 M , 11 , North West 
Coastal Highway, 147 km E Ningaloo. 

Egernia cygnitos sp. nov. (=western Pilbara group) 
SAMA : R22856 M ,7 M ,8 M , 7 , 0.5 km W Python Pool. 
WAM : R17690 (?), Turee Creek Station, 23°37’S, 
118°39’E; R29091 (?), Mt Herbert, 21°20’S, 117°13’E; 
R114257 m ($), R114258 0 ), 9 , Myaree pool, 20°51’S, 
116°36’E; R114366 M —7 M , 8, Cleaverville; R129633 (?), 
120 km NW Newman, 22°54’S, 119°00’E; R146626 
(?), 198 km S Port Hedland, 22 o 06’08”S, 118 0 59’24”E; 
R157511 ($), Pack Saddle Range, 22 0 55’35”S, 
118°49’39”E; R157599 0 ), 10 km NE Newman, 
23°18’35”S, 119°47’51”E; R159827 0 ), 10 km S Mallina 
Homestead, 20°58’10”S, 118°02 , 54”E; R159890 (?), 
5 km E Whim Creek Hotel, 20°50’54”S, 117°51’16”E; 
R161012 0 ), R161039 (?), 6 km SE Marda Pool, 
21°04’11”S, 116 0 12’15”E; R161040 0 ), 3.5 km S Marda 
Pool, 21°03’55”S, 116°09’01”E; R162136 (?), 12.5 km 
NW Mt Berry, 22°24’28”S, 116 0 22’18”E; R162162 
0 ), 26 km WNW Mt Berry, 22°25 , 31”S, 116°12 , 55”E; 
R162907 M -8 M , 5 , North West Coastal Highway, 8km 
SW Mt Negri, Sherlock; R163138 ($), 19.5 km SSW Mt 
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Amy, 22°25’09”S, 115 o 50’16”E; R163681 0 ), 12 km W 
Mt Bruce, 22°36’39”S, 118 o 01’21”E; R165230 M , R165231 
(?), 10 , 3.5 km S Marda Pool, 21°03 , 55”S, 116°09 , 01”E; 
R167650 M , 6, Sherlock Station; R170736 0 ), 13.5 km 
NNE Mt Rica, 21°52 , 17”S, 116°28’21”E. 

Egernia eos sp. nov. (=central group) WAM : R1463 8 
(?), R22033 (?), R22034 0 ), R22071 0 ), R22166 
0 ), R22167 (?), R22169 0 ), R22170 (?), R31363 
0 ), Warburton mission, 26°08’S, 126°35’E; R15697 
(?), R15699 (?), R15701 (?), R15732 (c^), R15733 ($), 
R15734 (?), 32 km E Warburton mission, 26°13’S, 
126°52’E; R17784 (?), R17785 (?), Brown Range, 6 km 
S Warburton, 26°11’S, 126°35’E; R98077 m 0 ), R98078 m 
0 ), 29 , Ainsley Gorge, 15.8 km ESE Warburton, 
26°14’S, 126°42’E; R98082 M , R98083 0 ), 28 , 6 km N 
Mantamaru, 25°46’S, 127°43’E. NTM R36432 (formerly 
WAM R34201), 6 km N Mt Bowley, 25°06’S, 129°45’E. 

Egernia epsisolus sp. nov. (=eastern Pilbara 
group) WAM : R10793 (?), R10794 0 ), R10795 (?), 
R10796 (?), Abydos, 21°25’S, 118°55’E; R16659 (?), 
R16660 0 ), R16661 (?), R16662 ($), R16663 0 ), Mt 
Edgar, 21°19’S, 120°03’E; R90897 affi 0 ), 2, Woodstock 
Station; R94722 (?), ca. 80 km S Telfer, 22°20’24”S, 
122°04 , 21 ,, E; R108381 ($), Nimingarra, 20°24’00”S, 
120°01’08”E; R132845 M , R132846” 0 ), R132847 m ($), 
R132848 m ($), 3, 15 km E Mt Francisco, 21°24’05”S, 
118°42’22”E; R137876 (?), Balia Balia Creek, 20°47’S, 
117°47’E; R139319 m 0 ), R139323 m (?), 1, Meentheena, 
21°21’04”S, 120°26’49”E; R145591 0 ), 69 km S Port 
Hedland, 20°54’36”S, 118 o 40’48”E; R164003 (?), 13 
km SSE Wodgina, 21°16’47”S, 118 0 41’56”E; R167653 M , 
R167656 M , R167658 M , R167660 M , R167662 M , R167663 M , 
R167664 M , 4 , Indee Station; R170818 0 ), Old Pilga 
homestead, 21°29’S, 119°25’E; R170905 (?), 14.5 km S 
Dresser Mining Centre, 21 0 16’46”S, 118 0 24’43”E. 

E. hosmeri NTM : R21300 M , Musselbrook Reservoir, 
Queensland 

E. napoleonis SAMA : R23080 M , Denmark; R97546 M , 
Barrier Island, WA; WAM : R97547 M , Barrier Island; 
R97551 M , Taylor Island; R140501 M , ~15k WNW Cataby; 
R154034 M , Muchea Air Weapons Range. 

E. kingii SAMA : R29444 M , Albany; WAM : 
R112794 M , R112801 M , Abrohlos; R141200 M , northern 
mainland. 

E. richardi SAMA : R29217 M , 75k E SA/WA border, 
SA; R28383 M , 38k NE Minnipa, SA; WAM : R112656 M ’ 
7k SSW Ponier Rock; R156291 M , Forrestania area. 

E. stokesii WAM : R112810 M , East Wallabi Island; 
R127654 AM , Woodleigh HS; R131867 M , R132007 AM , 
Baudin Island; R132048 M , R132750 AM , Perenjori; 
R132101 M , Buntine Nature Reserve; R132102 M , Bowgada 
Nature Reserve; R135165 M , R135167 M , R151382 A ’ M , West 
Wallabi Island; R151372 M , Middle Island; R151375 M , 
R151376 M , Tattler Island; R152672 M , R152676 M , Murray 
Island; R152994 AM , Redcliff Point, Peron Peninsula; 
R152995 M , near Monkey Mia, Peron Peninsula. 


APPENDIX 2 

GenBank accession numbers for mitochondrial ND4 
sequences. 


Voucher Number 

GenBank 

Egernia cygnitos sp. nov. 


WAM R114366 

JF813026 

WAM R165230 

JF813027 

WAM R114367 

JF813028 

WAM R114257 

JF813029 

SAMA R22856 

JF813030 

WAM R132192 

JF813031 

SAMAR22857 

JF813032 

SAMAR22858 

JF813033 

WAM R167650 

JF813034 

WAM R162907 

JF813035 

WAM R162908 

JF813036 

Egernia depressa 


WAM R167613 

JF813037 

WAM R167606 

JF813038 

WAM R167602 

JF813039 

WAM R167600 

JF813040 

WAM R167616 

JF813041 

WAM R167617 

JF813042 

WAM R120631 

JF813043 

WAM R125553 

JF813044 

WAM R102776 

JF813045 

WAM R129633 

JF813046 

WAM R129967 

JF813047 

WAM R132503 

JF813048 

WAM R131497 

JF813049 

AMS R102676 

JF813050 

WAM R127598 

JF813051 

WAM R120493 

JF813052 

SAMA R34043 

JF813053 

WAM R114256 

JF813054 

SAMAR34037 

JF813055 

WAM R125781 

JF813056 

WAM R162910 

JF813057 

WAM R162911 

JF813058 

WAM R120863 

JF813059 

SAMAR29356 

JF813060 

SAMA R22847 

JF813061 

SAMAR29357 

JF813062 

SAMAR29358 

JF813063 

SAMAR29359 

JF813064 

SAMAR29355 

JF813065 

Egernia eos sp. nov. 


WAM R98082 

JF813023 

WAM R98077 

JF813024 

WAM R98079 

JF813025 

Egernia epsisolus sp. nov. 


WAM R167658 

JF813009 

WAM R167653 

JF813010 

WAM R167660 

JF813011 
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WAMR167656 

JF813012 

WAMR167663 

JF813013 

WAMR132847 

JF813014 

WAMR167664 

JF813015 

WAM R139319 

JF813016 

WAMR139323 

JF813017 

WAM R90897 

JF813018 

WAM R167662 

JF813019 

WAM R132846 

JF813020 

WAM R132845 

JF813021 

WAM R132848 

JF813022 

Egernia hosmeri 


NTMR21300 

JF813076 

Egernia kingii 


SAMAR29444 

JF813005 

WAM R141200 

JF813006 

WAM R112794 

JF813007 

WAM R112801 

JF813008 

Egernia richardi 


SAMA R28383 

JF813066 

SAMAR29217 

JF813067 

WAM R112656 

JF813068 

WAM R156291 

JF813069 

Egernia napoleonis 


WAM R97551 

JF813070 


WAM R97546 

WAM R97547 

SAMA R23080 

WAM R140501 

WAM R154034 

JF813071 

JF813072 

JF813073 

JF813074 

JF813075 

Egernia stokesii 


WAM R112810 

JF813077 

WAM R135165 

JF813078 

WAM R152672 

JF813079 

WAM R135167 

JF813080 

WAM R151376 

JF813081 

WAM R152676 

JF813082 

WAM R151375 

JF813083 

WAM R151382 

JF813084 

WAM R151372 

JF813085 

WAM R132007 

JF813086 

WAM R152995 

JF813087 

WAM R131867 

JF813088 

WAM R127654 

JF813089 

WAM R152994 

JF813090 

WAM R154800 

JF813091 

WAM R132102 

JF813092 

WAM R132048 

JF813093 

WAM R132750 

JF813094 

WAM R132101 

JF813095 
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Geometric morphometric analysis of 
cranial variation in the Egernia depressa 
(Reptilia: Squamata: Scincidae) species complex 

Marci G. Hollenshead 


Department of Biological Sciences, Northern Arizona University, Flagstaff, Arizona 86011, U.S.A. 
Email: mhollenshead@citruscollege.edu 


ABSTRACT - Few studies have attempted to simultaneously examine geographic, ontogenetic and 
sexual variation of lizard crania. This study does so with a focus on the Egernia depressa species 
complex (Pygmy Spiny-tailed Skinks), which occur throughout much of arid Western Australia and 
inhabits fallen trees in the southern part of its range and rock crevices in disjunct boulder outcrops in 
the northern part of its range in the Pilbara. Geometric (i.e. landmark-based) morphometries were used 
to examine variation in cranial shape in E. depressa, E. cygnitos and E. epsisolus. Cranial differences 
were evident among the different species; however, the differences depended on which aspect of the 
cranium was being analysed. A comparison also was made between £. depressa which inhabits tree 
hollows v. £. cygnitos and £. epsisolus which use rock crevices. The lateral aspect of the cranium of 
the rock-inhabiting species differs from the log-inhabiting species in having dorsal-ventral compression 
of the postorbital region. Egernia cygnitos which lives western portion of the Pilbara differs from other 
species in having a wider cranium with a correspondingly broader palatal region. Sexual dimorphism 
was not evident, but ontogenetic changes in cranial form were present. 


KEYWORDS: Australian skinks, Pygmy Spiny-tailed Skinks, Western Australia, landmark-based methods. 


INTRODUCTION 

The Australian scincid genus Egernia includes some 
of the continent’s largest and most ubiquitous lizards 
(Greer 1989; Cogger 2000). The genus previously 
included 30 species divided into six species-groups 
based on external morphology (Storr 1968, 1978; Horton 
1972). These groupings were later thought to be based on 
convergent characters, and therefore did not necessarily 
reflect phylogenetic relationships (Chappie 2003). 
Recently, a molecular phylogenetic study (Gardner et 
al. 2008) supported the latter view, and Egernia was 
divided into four genera (. Egernia , Liopholis, Bellatorias, 
Lissolepis ). 

Several species of Egernia (sensu Cogger 2000) are 
among the most social of squamate reptiles and exhibit 
a high degree of mate fidelity (see Chappie 2003 for a 
review of Egernia natural history and social behaviour). 
Several studies have shown that these lizards live in 
long-term stable social groups that consist of closely 
related individuals (see Bull et al. 2001; Gardner et 
al. 2001, 2002; Duffield and Bull 2002; and others). 
Egernia generally exhibit a strong attachment to a 
refuge, such as a rock crevice, hollow log or burrow. 
These refuges provide shelter and most of the lizards’ 
activities occur near their retreat site. Many species will 
repeatedly defecate at the same location, creating scat 
piles near their crevice (Greer 1989). Within their stable 


social groups, several individuals will occupy the same 
crevice, bask in close proximity and share the same scat 
pile (Duffield and Bull 2002). Anecdotal reports (Horner 
1992) and personal observations of several individuals 
within the E. depressa species complex occupying the 
same crevice suggest they also may live in stable social 
groups. 

Little is known of the natural history of members 
of the E. depressa species complex besides their 
distribution and defensive behavior (Hutchinson 1993). 
This species complex occurs in the western half of 
Western Australia (WA) with isolated populations in 
the interior of WA (Storr 1978) and in the southwestern 
corner of the Northern Territory (NT; Horner 1992). 
In the Pilbara, a rocky region in the northern part of 
WA (Figure 1), E. cygnitos and E. epsisolus are reddish 
(pink) and brown with dark spots posteriorly that form 
transverse bands. It is in this area of their distribution 
that they shelter in rock crevices. However, in the 
southern part of their distribution (Figure 1), E. depressa 
finds shelter in hollows of trees, particularly Acacia 
(mulgas) and are brown anteriorly and gray with dark 
spots posteriorly that tend to form transverse bands 
(Storr 1978; Cogger 2000; Wilson and Swan 2003). 
Egernia eos is a geographically isolated species within 
this complex that lives in central Australia; this species 
was not examined in this study. 
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TABLE 1 List of specimens used in analysis. Snout-vent length (SVL) > 100 mm considered an adult. SVL, snout- 
vent length; TL, total length. Egernia depressa (Ed), Egernia cygnitos (Ec) and Egernia epsisolus (Ee). 


WAM 

Specimen # 

SVL (mm) 

TL (mm) 

Mass (g) 

Sex 

Species 

GPS 

R162909 

112 

140 

42.0 

F 

Ed 

S24 17’ 37.3”: E114 02’ 38.4”: 25 M ALT. + 6 M 

R162910 

78 

112 

13.5 

F 

Ed 

S24 17’ 30.3”: E114 02’ 18.3”: 25 MALT. + 6 M 

R162911 

94 

128 

35.0 

M 

Ed 

S24 17’ 37.6”: El 14 02’ 38.7”: 25 MALT. + 6 M 

R167571 

77 

105 

14.0 

F 

Ed 

S24 17' 43.5"; El 14 02' 39.5"; 25 MALT. + 4 M 

R167572 

72 

97 

10.5 

F 

Ed 

S24 17' 49.4"; E114 02' 39.2"; 25 MALT. + 4 M 

R167573 

102 

141 

38.0 

M 

Ed 

S24 17' 49.4"; E114 02' 39.2"; 25 MALT. + 4 M 

R167577 

110 

145 

46.0 

F 

Ed 

S24 17' 49.6"; E114 02' 40.8'" 25 MALT. + 5 M 

R167600 

103 

145 

34.0 

M 

Ec 

S22 46' 54.3"; E115 05’ 02.2"; 91 MALT. + 4 M 

R167602 

103 

145 

34.0 

F 

Ec 

S22 46’ 54.8"; E115 05’ 03.0"; 91 MALT. + 4 M 

R167606 

97 

134 

25.0 

F 

Ec 

S22 46' 54.6"; E115 05' 03.0"; 91 MALT. + 4 M 

R167608 

106 

145 

33.0 

F 

Ec 

S22 46' 54.6"; E115 05’ 03.0"; 91 MALT. + 4 M 

R167609 

79 

110 

13.0 

F 

Ec 

S22 46' 54.6"; E115 05' 03.0"; 91 MALT. + 4 M 

R167612 

96 

132 

23.5 

M 

Ec 

S22 46' 54.7"; E115 05' 02.6"; 94 MALT. + 6 M 

R167613 

108 

151 

35.5 

F 

Ec 

S22 46' 54.7"; E115 05' 02.6"; 94 MALT. + 6 M 

R167616 

106 

142 

37.5 

M 

Ec 

S22 46' 54.7"; E115 05’ 02.6"; 94 MALT. + 6 M 

R167617 

83 

116 

17.0 

F 

Ec 

S22 46' 54.7"; E115 05' 02.6"; 94 MALT. + 6 M 

R167618 

86 

117 

17.0 

M 

Ec 

S22 46' 54.7"; E115 05' 02.6"; 94 MALT. + 6 M 

R167650 

83 

115 

12.0 

F 

Ee 

S20 56' 48.3"; El 17 39' 17.3"; 57 M ALT. + 4 M 

R167653 

112 

157 

39.0 

F 

Ee 

S21 06' 52.3"; E118 42' 08.1"; 156 MALT. + 5 M 

R167656 

104 

143 

32.5 

M 

Ee 

S21 06' 53.6"; E118 42' 06.4"; 156 MALT. + 4 M 

R167658 

105 

145 

32.5 

M 

Ee 

S21 06' 53.6"; E118 42' 06.9"; 156 MALT. + 4 M 

R167660 

105 

143 

31.5 

M 

Ee 

S21 14' 52.9"; E118 41'45.9”; 179 MALT. 

R167662 

102 

139 

33.0 

M 

Ee 

S21 14' 54.1"; E118 41' 49.0"; 179MALT. + 4M 

R167663 

111 

151 

41.0 

M 

Ee 

S21 14' 54.1"; E118 41' 49.0"; 179MALT. + 4M 

R167664 

94 

121 

22.5 

M 

Ee 

S21 14' 54.1"; E118 41' 49.0"; 179MALT. + 4M 

R165230 

101 

NA 

NA 

M 

Ee 

S21; E117 

R162907 

116 

150 

37.0 

F 

Ee 

S20 50’41.8”; E117 47’46.8”; 41 MALT. + 6 M 

R162908 

83 

120 

18.3 

M 

Ee 

S20 50’41.8”; E117 47’46.8”; 41 MALT. + 6 M 
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FIGURE 1 Collecting sites of E. depressa species 
complex: * log-dwelling species from 
the southern portion of its distribution 
( E. depressa), • represents the western 
rock-dwelling species from the Pilbara 
(E. cygnitos ), and ♦ represents the 
eastern rock-dwelling species from the 
Pilbara (E epsisolus). 

Egernia depressa, E. cygnitos and E. epsisolus 
crania were examined to document geographic, 
ontogenetic and sexual variation within this species 
complex. Specifically, I tested two hypotheses. First, 
I hypothesized that cranial shape exhibits greater 
variation among than within the three recently (re) 
described species (Doughty et al. 2011), formerly 
considered populations of one species. Second, I 
hypothesized that cranial shape differs among species 
utilizing different refuge types (log hollows v. rock 
crevices), which may reflect behavioral differences 
in refugia use. These hypotheses are not mutually 
exclusive and were tested in combination. To test these 
hypotheses, cranial shape variation was quantified using 
geometric (i.e. landmark-based) morphometries. To 
rigorously conduct this comparison, it was necessary to 
first identify any morphological variation resulting from 
ontogeny and/or sexual differentiation. 

MATERIALS AND METHODS 

SPECIMENS 

The sample consisted of 28 dry skulls (Table 1). 
We collected 27 individuals within the E. depressa 
species complex during the Australian winters of 2005 
and 2006; an additional specimen, WAM R165230, 


was also analyzed. After hand capture, lizards were 
euthanased by injecting pentobarbital into the heart. 
Total length (TL), snout-vent length (SVL) and mass 
were measured and sex was determined for each 
individual. Stomachs with their contents were removed, 
and liver samples were taken, for future analyses 
of diet and genetic variation, respectively. For each 
locality, GPS coordinates were recorded. The entire 
specimen was skeletonized using a dermestid beetle 
colony. Bleach was used to remove osteoderms so that 
individual skull elements and the sutures among them 
could be examined. 

A thorough analysis of intraspecific and interspecific 
variation requires representation of individual, sexual 
and ontogenetic variation within the sample. I tried to 
obtain a representative sample by collecting both sexes, 
juveniles and adults of each species. Storr (1978) gives a 
range for juvenile to adult SVL as 54-117 mm. Cogger 
(2000) provides an average adult SVL of the E. depressa 
species complex as 100 mm. The size at maturity is 
unknown for this species complex. For this analysis, 
specimens with a SVL of > 100 mm were considered 
adults using Cogger’s (2000) estimate of average adult 
SVL. However, I recognize that the size of maturity is 
most likely smaller than 100 mm. 

Collected specimens ranged from 72 to 116 mm SVL. 
Four of the lizards from E. depressa, the log-dwelling 
species, (24°17’30.3-49.6”S, 114°02T8.3-40.8”E) were 
juveniles (1 male, 3 females), and three were adults (1 
male, 2 females). From E. cygnitos, the rock-dwelling 
western Pilbara species (22°46'54.3-54.7”S, 115°05'0.2- 
0.3”E), five were juveniles (2 males, 3 females), and five 
were adults (2 males, 3 females). Three E. epsisolus, 
the rock-dwelling eastern Pilbara ( E. epsisolus ) species 
(20-21°06'S, 117-118°42'E), were juveniles (2 males, 
1 female), and eight were adults (6 males, 2 females). 
See Table 1 for a detailed specimen list with Western 
Australia Museum (WAM) catalog numbers, TL, SVL, 
mass, sex, population and GPS coordinates. 

GEOMETRIC M0RPH0METRICS 

Geometric morphometries is a landmark-based 
method that facilitates a true analysis of shape 
variation because, unlike linear morphometric data, 
relationships among landmarks allow resolution of shape 
differences (Lockwood et al. 2002). For each species, 
the dorsal, ventral and lateral aspect of the cranium 
was characterized using two-dimensional landmarks. 
First, a high-resolution digital image of each aspect of 
the cranium was captured using a Nikon Coolpix 995 
digital camera. To reduce parallax error, I standardized 
the image capture procedure. The cranium and camera 
lens had the same orientation for each image. Clay 
and blocks were used to hold the cranium in the same 
orientation for the dorsal, ventral and lateral aspects. 
The camera was on a tripod and a level was used to 
ensure the same camera orientation. Landmarks were 
digitized on the images using tpsDig2.05 (Rolf 2006). 
I followed the landmark criteria in that the landmarks 
(1) are homologous anatomical loci, (2) do not change 
their topological positions relative to other landmarks, 






CRANIAL VARIATION IN THE EGERNIA DEPRESSA COMPLEX 


141 



FIGURE 2 Dorsal view of cranium showing landmarks used in this study (WAM R167608). Fr, frontal; Ju, jugal; Ma, 
maxilla; Ot, otoccipital; Pa, parietal; PoFr, postfrontal; PrFr, prefrontal; Qu, quadrate; SO, supraoccipital; Sq, 
squamosal. Scale bar = 5 mm. 
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FIGURE 3 Ventral view of cranium showing landmarks used in this study (WAM R167618). BO, basioccipital; Ec, 
ectopterygoid; InPt, interpterygoid vacuity; iof, infraorbital fenestra; Ju, jugal; Ma, maxilla; Pa, palatine; 
PrMa, premaxilla; Pt, pterygoid; Qu, quadrate; Sp, sphenoid; Vo, vomer. Scale bar = 5 mm. 
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FIGURE 4 Lateral view of cranium showing landmarks used in this study (WAM R167571). Fr, frontal; Ju, jugal; Ma, 
maxilla; PoFr, postfrontal; PrFr, prefrontal; PrMa, premaxilla; Qu, quadrate; Sq, squamosal. Scale bar = 5 mm. 


(3) offer sufficient coverage of the morphology, (4) 
can be located consistently and (5) lie within the 
same plane (Bookstein 1991; Zelditch et al. 2004). On 
the dorsal aspect of the cranium, 18 landmarks were 
digitized on the post-orbital region (Figure 2). No 
landmarks were placed on the anterior portion of the 
cranium because that region was either damaged by 
the removal of osteoderms or obstinate osteoderms 
impeded the precise placement of landmarks. On the 
ventral aspect of the cranium, 29 landmarks were 
digitized (Figure 3). The dorsal and ventral aspects 
of the cranium were each assumed to be structurally 
bilaterally symmetrical; therefore, I used the program 
BigFix6 (Sheets 2003) to average the landmarks across 
the midline. All statistical analyses were conducted on 
these half configurations; this includes ten landmarks 
on the dorsal aspect and 17 landmarks of the ventral 
aspect of the cranium. Landmarks 8 and 9 and 
landmarks 1, 2, 4, 5 and 6 were used as the axis of 
symmetry for the dorsal and ventral view, respectively. 
On the lateral aspect of the cranium, 10 landmarks 
were digitized (Figure 4). Tables 2, 3 and 4 list the 
anatomical positions of the digitized landmarks for 
the dorsal, ventral and lateral aspect of the cranium, 
respectively. 

Integrated Morphometries Program (IMP) software 
package (Sheets 2003) was used for the shape analysis. 
I used the generalized least squares Procrustes 
superimposition (GLS) method to minimize distances 
among configurations. The Procrustes coordinates 


were then used for a canonical variates analysis 
(CVA), which explored differences between groups. 
Each pair-wise comparison was analysed using the 
program TwoGroup6h, which performs Goodall’s F 
and resampling tests. Goodall’s F tests if the difference 
between samples using partial Procrustes distances 
is significant. This test makes the assumption that the 
data are normally distributed; therefore, resampling 
tests were used to determine whether cranium shape 
differs among groups. One iteration involved drawing 
two bootstrap sets with replacement from the pooled 
group of specimens and the F-ratio was computed from 
the two sets. After 4,900 (the most provided by the 
program) iterations were completed, the bootstrap sets 
with a F-value at least as large as the original set were 
counted. This number was divided by the number of 
iterations and provides the probability of attaining the 
original sample (Zelditch et al. 2004). 

Deformation grids illustrate the shape differences 
between groups using the mean configuration of 
that group, and the vectors show relative landmark 
displacement (Zelditch et al. 2004). For illustration 
purposes, landmark displacements were interpreted 
from GLS on symmetrized (BigFix6) and back-reflected 
configurations (lmedit6). Statistical analyses were 
performed on symmetrized data to minimize degrees of 
freedom (Zelditch et al. 2004). 

To compare the ontogenies of shape between the 
species, I used a multivariate regression with shape 
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TABLE 2 Definitions of landmarks used on the dorsal 
aspect of the skull. Landmarks 1-7, 17 are 
from the left side, 10-16, 18 are from the 
right side, and 8 and 9 are from the midline 
of the skull. 

Number Definition of landmark 


1 & 15 Posterior-most contact between 

parietal and squamosal 

2 & 14 Anterior-most contact between 

parietal and squamosal 

3 & 12 Posterior-most contact between 

parietal and postfrontal 

4 & 13 Squamosal-jugal-postfrontal contact 

5 & 10 Anterior-most contact of the 

frontal and postfrontal 

6 & 11 Parietal-frontal-postfrontal contact 

7 & 16 Posterior semicircular canal along 

posterior edge of skull 

8 Midpoint of supraoccipital notch 
dorsal to foramen magnum 

9 Centre of foramen in parietal 

17 & 18 Medial contact of the squamosal 
and postfrontal 


as the dependent variable and size as the independent 
variable. For each species separately, shape variables 
(full set of coordinates obtained by GLS) were regressed 
on log transformed centroid size using Regress6k 
(IMP software; Zelditch et al. 2003). To examine if the 
species differ in shape through ontogeny, I compared 
the angle between the species-specific regression 
vectors using VecCompare6 (IMP software; Zelditch 
et al. 2003). A within-species vector consists of all 
regression coefficients of the shape variables (partial 
warp scores) on the log-transformed centroid size. The 
angles between the vectors within each species are 
estimated using a resampling technique (bootstrapped 
400 times). The within-species angles were compared to 
the between-species angle. If the between-species angle 
is larger than the 95% range of the bootstrapped within- 
species angles, the between-species angle is significantly 
different and the ontogenetic allometries differ (Zelditch 
et al. 2003). 

To assess measurement error, I analysed repeats of 
one adult E. cygnitos (WAM R167602). Specimen WAM 
R167602 was photographed on five separate occasions. 


TABLE 3 Definitions of landmarks used on the 
ventral aspect of the skull. Landmarks 3, 
7-17 are from the left side, 18-29 are from 
the right side, and 1-2 and 4-6 mark the 
midline of the skull. 

Number Definition of landmark 


1 Centre of basioccipital condyle 

2 Anterior point of basisphenoid 

3 & 18 Medial contact between 

pterygoid and palatine 

4 Posterior point of palatine-vomer contact 

5 Anterior-most contact vomer 
and premaxilla 

6 Anterior-most point at midpoint 
between premaxillae 

7 &19 Vomerine-nasal fenestra 

(location of Jacobson’s organ) 

8 & 20 Maxilla-palatine-vomer contact 

9 & 21 Maxilla-palatine (anterior edge of 

infraorbital fenestra) 

10 & 22 Anterior-most contact between 

maxilla and ectopterygoid 

11 & 23 Notch of palatal process of ectopterygoid 

12 & 24 Lateral contact between 

pterygoid and palatine 

13 & 25 Posterior point of jugal flange 

14 & 26 Posterior-most contact between 

ectopterygoid and pterygoid 

15 & 27 Anteromedial origin of quadrate 

process of pterygoid 

16 & 28 Posterior-most point of 

basipterygoid process 

17 & 29 Midpoint of basioccipital condyle 
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FIGURE 5 Dorsal view of cranium with landmarks. Deformation grid shows shape change from A (E. epsisolus ; WAM 
R167663) to B (E. cygnitos ; WAM R167608). Vectors display relative landmark displacement. Scale bar = 5 mm. 


All five images were landmarked at different times to 
provide a repeat sample of five configurations. These 
were compared with the configuration of a different 
specimen (WAM R167608) to test if the difference 
between WAM R167602 and WAM R167608 was 
greater than the variance among the repeat samples for 
WAM R167602. WAM R167608 was chosen because it 
is from the same species, the same sex and of similar 
size. The first principal component described 61.2% 
of the variation between the repeat sample (mean of 
repeat sample = 0.0063 [range: 0.0032-0.0089]) and 
the cranium (WAM R167608 = -0.0317). The second 
principal component (mean of repeat sample = 0.0003 
[range: -0.0095-0.0125]; WAM R167608 = -0.0010), 
which explained 14.6% of the variation, described 


differences within the repeat sample of WAM R167602. 
This shows that there was less variation within the 
repeat sample than between different individuals which 
is expected if there is minimal measurement error. 

RESULTS 

Statistical analyses stated above were used to 
determine whether pooling the sexes and individuals 
at different ontogenetic stages was justified. The sexes 
from the three species were pooled because there were 
no significant differences between males and females 
within species or among the species that I sampled. I 
do not have any individuals with a SVL less than 72 
mm, and therefore, do not have a complete ontogenetic 
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TABLE 4 Definitions of landmarks used on the 
lateral aspect of the skull. The right side of 
the skull was digitized. 


Number 

Definition of landmark 

1 

Lateral-most contact between squamosal 
and quadrate 

2 

Squamosal-jugal-postfrontal contact 

3 

Jugal-postfrontal contact (at the 
ventral-most point of the postfrontal 
where it contacts the jugal) 

4 

Maxilla-jugal contact (dorsal) 

5 

Maxilla-jugal contact (ventral) 

6 

Posterior-most point of jugal flange 

7 

Anterior-most point of premaxilla 
at tooth base 

8 

Maxilla-prefrontal contact along orbit 

9 

Dorsal-most point of nasal 

10 

Postfrontal-frontal contact along dorsal 
portion of orbit 


series of the E. depressa species complex. Bootstrapped 
P-values are given unless otherwise indicated. 

Considering the dorsal aspect, male and female crania 
did not differ significantly whether adults and juveniles 
were analysed together (P = 0.974), only adults (P = 
0.977), or only juveniles (P = 0.768). Therefore, the 
entire sample of lizards was pooled for this analysis 
(Table 5). Dorsal cranial shape of E. cygnitos (rock¬ 
dwelling western Pilbara species) differed from E. 
depressa (log-dwelling southern species; P = 0.029) and 
E. epsisolus (rock-dwelling eastern Pilbara species; P = 
0.030). The cranium of individuals in E. cygnitos was 
wider at the jugal-squamosal contact but narrower at 
the squamosal-quadrate contact (Figure 5). The shape 
of the upper temporal fenestration and contacts between 
the postfrontal-squamosal differed among the species. 
In E. cygnitos, the postfrontal-squamosal contact was 
more posterior (relative to E. epsisolus) or posterolateral 
(relative to E. depressa). This was reflected by a more 
rounded upper temporal fenestration in individuals from 
E. cygnitos. When only adults were examined, a similar 
pattern emerged, although only E. cygnitos and E. 
epsisolus were statistically different (P = 0.02). 

During ontogeny, the upper temporal fenestra 
lengthened from anterior to posterior. The posterior 
semicircular canal of the otoccipital (posterior region 
of braincase) constricted toward the occipital condyle. 
The parietal processes were wider and the lateral portion 
of the otoccipital was more robust. The log-dwelling 


TABLE 5 Statistical results of GM analysis of the dorsal aspect of skull. Significant results are in bold. 

Goodall's F P value Bootstrapped (4900 times) 


Sexes 




M vs F (all) 

0.42 

P = 0.974 


M vs F (adults) 

0.42 

P = 0.977 


M vs F (juv) 

0.72 

P = 0.768 


Species 




E. depressa v. E. cygnitos (all) 

2.58 

P = 0.001 

P = 0.029 

E. depressa v. E. epsisolus (all) 

0.74 

P = 0.748 


E. cygnitos v. E. epsisolus (all) 

2.70 

P< 0.001 

P = 0.030 

E. depressa v. E. cygnitos (adults) 

1.77 

P = 0.047 

P = 0.157 

E. depressa v. E. epsisolus (adults) 

0.84 

P = 0.642 


E. cygnitos v. E. epsisolus (adults) 

3.08 

P< 0.001 

P = 0.020 

E. depressa v. E. cygnitos (juv) 

1.58 

P = 0.086 


E. depressa v. E. epsisolus (juv) 

0.33 

P = 0.992 


E. cygnitos v. E. epsisolus (juv) 

0.68 

P = 0.804 
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FIGURE 6 Ventral view of cranium with landmarks. Deformation grid shows shape change from A (E. epsisolus ; 

WAM R167660) to B ( E. cygnitos ; WAM R167602). Vectors display relative landmark displacement. 
Scale bar = 5 mm. 


species (E. depressa ) differed from E. cygnitos and E. 
epsisolus in its ontogeny; the between-species vector 
angle (115.7, 117.7, respectively) was greater than the 
within-species vector angle for E. depressa (69.3) and 
E. cygnitos (80.9) as well as E. depressa (71.4) and E. 
epsisolus (113.8; Table 8). Although all species showed 
a similar ontogeny, E. depressa appeared more extreme 
in the shape change in the posterior portion of the 
braincase as well as the upper temporal fenestration 
(Figure 8A). 

From the ventral aspect, male and female crania did 
not differ significantly whether adults and juveniles 
were analysed together (P = 0.236), only adults (P = 
0.873), or only juveniles (P = 0.432), and therefore the 


sexes were pooled for this analysis (Table 6). The rock¬ 
dwelling western Pilbara species ( E. cygnitos) differed 
from E. epsisolus (P = 0.026) in that the cranium of 
E. cygnitos had a narrower braincase, a wider palatal 
region (with narrowed interpterygoid vacuity) and a 
slightly shorter nasal region (Figure 6). The cranium 
of E. depressa differed from E. epsisolus in having a 
narrower braincase and larger pterygoid (P = 0.012 [not 
bootstrapped]; P = 0.122). The main species difference 
was manifested in the adult crania of E. cygnitos. These 
crania had a narrowed braincase and the most complete 
secondary palate. 

During ontogeny, the cranium exhibited a relative 
decrease in the size of the infraorbital fenestration, 
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TABLE 6 Statistical results of GM analysis of the ventral aspect of skull. Significant results are in bold. 



Goodall's F 

P value 

Bootstrapped (4900 times) 

Sexes 

M vs F (all) 

1.17 

P = 0.236 


M vs F (adults) 

0.71 

P = 0.873 


M vs F (juv) 

1.03 

P = 0.432 


Species 

E. depressa v. E. cygnitos (all) 

2.11 

P< 0.001 

P = 0.059 

E. depressa v. E. epsisolus (all) 

1.82 

P = 0.006 

P = 0.082 

E. cygnitos v. E. epsisolus (all) 

3.81 

P< 0.001 

P = 0.002 

E. depressa v. E. cygnitos (adults) 

1.07 

P = 0.384 


E. depressa v. E. epsisolus (adults) 

1.74 

P = 0.012 

P = 0.122 

E. cygnitos v. E. epsisolus (adults) 

2.98 

P< 0.001 

P = 0.026 

E. depressa v. E. cygnitos (juv) 

2.01 

P = 0.002 

P = 0.102 

E. depressa v. E. epsisolus (juv) 

1.04 

P = 0.421 


E. cygnitos v. E. epsisolus (juv) 

1.97 

P = 0.004 

P = 0.129 


TABLE 7 Statistical results of GM analysis of the lateral aspect of skull. 

Goodall's F P value 

Significant results are in bold. 

Bootstrapped (4900 times) 

Sexes 

M vs F (all) 

1.42 

P = 0.126 


M vs F (adults) 

1.25 

P = 0.229 


M vs F (juv) 

1.17 

P = 0.296 


Species 

E. depressa v. E. cygnitos (all) 

1.31 

P = 0.194 


E. depressa v. E. epsisolus (all) 

2.52 

P = 0.001 

P = 0.032 

E. cygnitos v. E. epsisolus (all) 

2.36 

P = 0.003 

P = 0.039 

E. depressa v. E. cygnitos (adults) 

2.35 

P = 0.006 

P = 0.072 

E. depressa v. E. epsisolus (adults) 

2.38 

P = 0.004 

P = 0.057 

E. cygnitos v. E. epsisolus (adults) 

1.25 

P = 0.237 


E. depressa v. E. cygnitos (juv) 

2.00 

P = 0.020 

P = 0.108 

E. depressa v. E. epsisolus (juv) 

1.11 

P = 0.362 


E. cygnitos v. E. epsisolus (juv) 

1.02 

P = 0.443 
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FIGURE 7 Lateral view of skull with landmarks. Deformation grid shows shape change from A (E. depressa ; WAM 
R167577) to B (E. epsisolus ; WAM R167600). Vectors display relative landmark displacement. Scale bar 
= 5 mm. 


and the cranium was wider at the postorbital region, 
specifically at the jugal flange and otoccipital-quadrate 
contact. Relative interpterygoid vacuity size decreased 
in the adult specimens (Figure 8B). The ontogeny of 
E. cygnitos differed from E. depressa and E. epsisolus 
whereas E. depressa and E. epsisolus did not differ 
in their ontogenetic pathway (Table 8). The between- 
species vector angle (66.4, 96.1 respectively) was 
greater than the within-species vector angle for E. 
depressa (60.8) and E. cygnitos (62.5) as well as E. 
epsisolus (55.8) and E. cygnitos (83.6), and therefore, 
E. cygnitos differed. The trajectories were similar in 
that the posterior half of the cranium was wider as the 


infraorbital fenestra and interpterygoid vacuity were 
smaller. The large palatal region reflected the difference 
between the trajectories of E. cygnitos and the other two 
species (Figure 8B; Table 8). 

From the lateral aspect, male and female crania did 
not differ whether adults and juveniles were analysed 
together (P = 0.126), only adults (P = 0.229), or only 
juveniles (P = 0.296). Therefore, all specimens were 
pooled for this analysis (Table 7). The rock-dwelling 
western Pilbara species, E. cygnitos, ( P = 0.006 [not 
bootstrapped]; P = 0.072) and E. epsisolus ( P = 0.004 
[not bootstrapped]; p = 0.057) differed from E. depressa 
in that E. cygnitos and E. epsisolus showed a dorsal- 
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ventral compression at the postorbital region of the 
cranium (Figure 7). During ontogeny, the crania showed 
a decrease in relative orbit size and an enlargement 
of the post-orbital region (Figure 8C); there was not 
a significant difference in the ontogenetic trajectories 
among the species (Table 8). 


FIGURE 8 Deformation grid illustrating ontogenetic 
skull shape change: A. Dorsal aspect 
of E. depressa, B. Ventral aspect of E. 
cygnitos, and C. Lateral aspect of E. 
cygnitos. Vectors display relative landmark 
displacement. 


DISCUSSION 

The crania of the E. depressa species complex 
exhibited an ontogenetic shape change as well as 
geographic variation in shape among species. Sexual 
dimorphism, however, appeared to be absent in the 
specimens I examined. The pattern of cranial shape 
variation among species exhibited two patterns, 
depending on which aspect of the cranium is examined. 
The dorsal and ventral aspects of the cranium indicated 
that E. cygnitos (rock-dwelling western Pilbara species) 
differed from E. epsisolus (rock-dwelling eastern 
Pilbara species). Dorsally, E. cygnitos differed from 
E. epsisolus in having a wider cranium at the jugal- 
squamosal contact with lateral compression of the upper 
temporal fenestrations. In ventral view, E. cygnitos 
differed from E. epsisolus in exhibiting a compressed 
braincase and decreased interpterygoid vacuity (or 
a broader palate). The lateral aspect of the cranium 
showed that E. cygnitos and E. epsisolus differ from E. 
depressa (log-dwelling species). Laterally, E. cygnitos 
and E. epsisolus showed a dorsal-ventral compression 
of the cranium posterior to the orbit. These two patterns 
address the hypotheses of geographic isolation and habit 
specialization discussed below. 


CRANIAL SHAPE AND GEOGRAPHIC 
DISTRIBUTION 

I hypothesized that cranial shape differs among 
geographically separated species. The dorsal and 
ventral aspects, but not the lateral aspect, support this 
hypothesis since the cranial shape differs between the 
two rock-dwelling species (not between rock- and log- 
dwellers). Egernia species such as E. stokesii and E. 
cunninghami are known not to disperse readily and live 
in stable social groups with closely related individuals 
(Gardner et al. 2001; Duffield and Bull 2002; Stow and 
Sunnucks 2004). In E. stokesii, the home range overlap 
between social groups is relatively small and dispersal 
in and out of species is low (Duffield and Bull 2002). 
Individuals within the E. depressa species complex may 
be poor dispersers as well, and my field observations 
suggest they too may live in stable social groups. From 
where I sampled, suitable habitat for E. depressa, 
particularly in the Pilbara, occurs as disjunct, rocky 
outcrops, whereas continuous suitable habitat is more 
readily available for the southern log-dwelling species. 

Another potential barrier for the rock-dwelling species 
is the Hamersley Range. The Hamersley Range runs 
from the Fortescue River in the northeast portion of 
WA 460 km south (Figure 1). Egernia cygnitos occurs 



on the western side of the range while E. epsisolus is 
on the eastern side. These two species are separated by 
the highest peaks of WA, which could contribute to the 
differences in cranium shape (dorsal and ventral aspects) 
between the two rock-dwelling species. 
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TABLE 8 Results of bootstrapping procedure (N=400) comparing regression vectors using VecCompare6. 

* indicates significant results, which suggests a different ontogenetic skull shape trajectory in E. cygnitos. 



Between 

population 

vector 

Within 

E. depressa 
vector 

Within 

E. cygnitos 
vector 

Within 

E. epsisolus 
vector 

Dorsal 

115.7* 

69.3 

80.9 



117.7* 

71.4 


113.8 


64.2 


66.4 

101.9 

Ventral 

66.4* 

60.4 

62.5 



96.2* 


83.6 

55.8 


79.4 

69.5 


94.1 

Lateral 

60.0 

75.9 

67.0 



60.4 

75.9 


95.7 


61.2 


59.3 

82.5 



FIGURE 9 Ventral view of all three species and Egernia stokesii showing the palatal region. A. E. depressa (WAM 
R167577); B. E. cygnitos (WAM R167602); C. E. epsisolus (WAM R167660); D. E. stokesii (SAM 2560; 
photo by S.L. Swift). In E. depressa (A) and E. epsisolus (C), the palatines (Pa) meet ventrally but 
the pterygoids (Pt) do not. In E. cygnitos (B) the pterygoids and palatines meet at the midline of the 
palate. In E. stokesii (D), palatine bones, which do not meet ventrally, is the condition observed in most 
Egernia group species. Scale bar = 5 mm. 






CRANIAL VARIATION IN THE EGERNIA DEPRESSA COMPLEX 

CRANIAL SHAPE AND HABITAT 
SPECIALIZATION OR GENETIC DRIFT 

I hypothesized that the cranial shape of the rock¬ 
dwelling species would differ from the log-dwelling 
species. The results from the lateral aspect of the 
cranium support this hypothesis that cranium shape 
variation among species of the E. depressa species 
complex may reflect habitat differences. Rock-dwelling 
lizards ( E. epsisolus and E. cygnitos ) show a dorsal- 
ventral compression of the postorbital region of the 
cranium (i.e. posterior to the orbit) when compared to 
the log-dwelling species, E. depressa. Egernia cygnitos 
and E. epsisolus differed in the dorsal and ventral 
aspects, but not in their lateral profiles. This is consistent 
with the habit both exhibit in using rock crevices as 
retreat sites. 

When disturbed, these lizards wedge themselves into 
a tight crevice and inflate themselves with air, also using 
their spiny scales to anchor themselves (Horner 1992). 
Given that these lizards are strongly tied to their shelter 
site, the lateral aspect of the cranium exhibits variation 
that may functionally reflect this. Rocky habitats impose 
selective pressures on specific morphological traits such 
as flattened heads and bodies (Ingram and Covacevich 
1989; Pianka and Vitt 2003; Lappin et al. 2006; Revell et 
al. 2007). A flattened head/body may enhance the ability 
to retreat deeply in to crevices because rock crevices 
are constrained in primarily one dimension (i.e. width 
of crevice as to limit the dorsal and ventral aspect of the 
crania). However, the refugia structure in logs tends to 
be more variable in three dimensions than rock crevices; 
therefore, a flat head may not be an ideal shape for a 
log-dweller (i.e. refuge dimensions in dorsal, ventral 
and lateral aspects of the cranium). Lab experiments 
are needed to test the abilities of the different species to 
penetrate crevices when using different substrates (rocks 
v. logs). 

Another possible explanation for these differences 
may be due to random chance without any functional 
significance related to these cranial differences among 
the rock- and log-dwelling species. These are small, 
isolated species with potentially limited gene flow (low 
dispersal rates), therefore, these species level differences 
could be due to genetic drift without selective pressures. 
In addition, these differences could be due to historical 
morphological evolution among lineages in the past. 

ONTOGENY AND SEXUAL DIMORPHISM 

Ontogenetic changes in the cranium were apparent. 
Dorsally, shape change occurs as the upper temporal 
fenestra becomes larger with age. Ventrally, through 
ontogeny, the cranium develops a proportionately 
smaller infraorbital fenestration, a wider postorbital 
region, and the interpterygoid vacuity becomes 
proportionately smaller. Laterally, the crania showed a 
relatively smaller orbit and a larger post-orbital region 
through ontogeny (Figure 8). However, Hutchinson 
(1993) noted that in general female skinks have a greater 
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SVL (seen with these data) and relatively narrower 
heads than male skinks (not evident with these data). 

No sexual dimorphism was evident in the shape of 
the sampled individuals within the E. depressa species 
complex crania. The stable social grouping and apparent 
lack of territoriality (Greer 1989; Chappie 2003) may 
be reflected by the lack of sexual dimorphism. Once 
again, although no direct observations of individuals 
within the E. depressa species complex social behavior 
have been published, field observations suggest that they 
live in social groups, which consist of more than one 
adult male (e.g. two adult males were found in the same 
shelter site in E. epsisolus ). In some Egernia species, 
adults of both sexes will attack unrelated juveniles but 
not their own offspring (O’Connor and Shine 2004; 
While et al. 2009) and the offspring will stay with their 
parents for several years (Gardner et al. 2001; Stow et al. 
2001; O’Connor and Shine 2003). This scenario would 
not occur in territorial lizard species. For example, at 
the other extreme, highly territorial polygynous lizards 
can show extreme male-biased sexual dimorphism in 
head size (e.g. Eumeces laticeps Vitt and Cooper 1985; 
Crotaphytus Lappin and Husak 2005). 

SECONDARY PALATE 

Skinks are unique among squamate reptiles in having 
a bony secondary palate with scroll-like palatine 
bones that enclose the choanal duct to various degrees 
(Greer 1970; see Rieppel et al. 2008 for overview 
and CT scans of squamate palates). This morphology 
results in a division between the breathing and food 
passages. Completeness of the secondary palate varies 
immensely among skink genera (Greer 1970). In a 
partial palate, the palatine bones extend only part 
of the way across the roof of the mouth, leaving a 
broad gap between the two passages. The subfamily 
Lygosominae (Sphenomorphus group, Egernia group 
and Eugongylus group), to which all Australian skinks 
belong, exhibit the most complete palate of all skinks 
(Greer 1979). In most lygosomines, the palatine bones 
meet or nearly meet at the midline to form a complete 
separation of the passages (Greer 1979; Figure 9A, 
C, D). The lygosomines that have this most complete 
palate accomplish this in one of two ways: (1) the 
palatines have medial processes that extend between the 
pterygoids, or (2) the pterygoids themselves can extend 
medially (Greer 1979). The former occurs in some 
species of the Eugongylus group (Greer 1979), whereas 
the latter occurs in some species of the Sphenomorphus 
group (Greer 1979) and Egernia cygnitos. No other 
species within the Egernia group (Egernia, Liopholis, 
Bellatorias, Lissolepis, Tiliqua, Cyclodomorphus) has 
a secondary palate that incorporates the pterygoids 
(Greer 1989; Hollenshead, unpubl. data). Most Egernia 
ss, Liopholis, Bellatorias and Lissolepis species have the 
palatines separated medially with posteriorly extended 
vomers. Tiliqua, Cyclodomorphus, Liopholis inornata, 
Liopholis striata, Egernia formosa, E. epsisolus and E. 
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depressa have palatines that contact medially, whereas 
most individuals of Egernia cygnitos (8 of 10) have 
the pterygoids that are also in contact (Figure 9B; 
Hollenshead, unpubl. data). The functional significance 
of the secondary palate in skinks is not yet understood 
(Greer 1979). 

It would be interesting to examine whether dietary 
tendencies are related to the cranium shape variation 
among E. depressa species, especially with respect to 
the degree of secondary palate structure. As a working 
hypothesis, I propose that E. cygnitos may consume 
harder prey. The more substantial development of its 
palatal region may add rigidity to the upper jaw, which 
would result in a more efficient transfer of forces from 
bilaterally contracting jaw-adductor musculature to 
pressure generation by the teeth on one side of the 
mouth. However, Pianka (1986) found 86% Isoptera 
(termites) and 10% insect larvae in 32 stomachs of log¬ 
dwelling E. depressa. This high percentage of termites 
could indicate swarming behavior, and therefore, a 
readily available but highly ephemeral food source. 
Although these are soft-bodied arthropods, this is 
only a single snapshot of what these lizards eat which 
can change based on geographic location, season 
and age, with the latter worth consideration because 
as many Egernia species show an ontogenetic shift 
from omnivory to herbivory with an increase in SVL 
(Chappie 2003). Tiliqua species have durophagous 
molariform dentition and are known to eat hard prey. 
Their palatines contact medially yet the pterygoids do 
not. As stated above, this condition is seen in Tiliqua, 
Cyclodomorphus, E. depressa, E. epsisolus, E. formosa, 
Liopholis inornata and L. striata. Most Egernia si show 
no medial contact of the palatines. 

This study revealed variation in cranial shape in 
three geographically disjunct species; geographic 
and ontogenetic variation, but no sexual differences 
in cranium shape in any members of the E. depressa 
species complex was evident. Cranial differences were 
evident among the different species; however, the 
differences depended on which aspect of the cranium 
was being analysed. The lateral aspect of the cranium of 
the rock-inhabiting group differs from the log-inhabiting 
group in having dorsal-ventral compression of the 
postorbital region. The lizards living in the western 
portion of the Pilbara differ from other E. depressa in 
having a wider cranium with a correspondingly broader 
palatal region. 
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ABSTRACT -The Pilbara region of Western Australia hosts a diverse fauna in the groundwater, the 
majority being crustaceans. Specimens of a highly morphologically distinct paramelitid amphipod, 
clearly representing a new genus, were collected from three tributaries of the Fortescue River basin 
in the Pilbara. The present study utilised a combined approach, employing molecular markers and 
morphological characters to assess variation in the new genus and previously described genera 
of Paramelitidae from the Pilbara. Both molecular and morphological analyses confirmed the 
distinctiveness of the new specimens, resulting in the description of two new species, Maarrka 
weeliwollii and M. etheli. 


KEYWORDS: molecular, morphology, phylogeny, taxonomy. 


INTRODUCTION 

A lack of diagnostic characters in which to discriminate 
species is one of the biggest impediments to advancing 
the taxonomy of the amphipod fauna of Australia 
(Bradbury and Williams 1999). The problem becomes 
magnified when dealing with groundwater species 
(stygofauna), where the extreme nature of the physical 
environment exerts strong constraints on some aspects 
of morphology (Lefebure et al. 2006), resulting in 
parallel or convergent morphological evolution across 
disparate taxonomic groups (Culver et al. 1995). 

The groundwater amphipod community of the Pilbara, 
a 178,000 km 2 bioregion in north-western Western 
Australia, is composed of 31 species, all of which have 
been described since 1995 from north-western Western 
Australia including the nearby Barrow Island and Cape 
Range Peninsula (Barnard and Williams 1995; Bradbury 
and Williams 1996, 1997a; Bradbury 2000, 2002; 
Finston et al. 2008). Of these 30 species, 18 belong to 
the family Paramelitidae. 


The Paramelitidae were established by Bousfield 
(1977) and along with three other families, form the 
superfamily Crangonyctoidea. Williams and Barnard 
(1988) revised the definition of the superfamily as 
well as the families composing it, noting that the 
group had undergone more taxonomic rearrangements 
than any other group of amphipods in the past 250 
years, with most of the changes lacking adequate 
morphological justification. The most recent summation 
of the Australian Crangonyctoid fauna was completed 
by Bradbury and Williams (1999) and included seven 
genera in the family Paramelitidae, one of which 
was known from the Pilbara. To date, four genera of 
paramelitid amphipods are described from the Pilbara, 
all from subterranean waters or groundwater springs 
(Pilbarus Bradbury and Williams, 1997a, Molina 
Bradbury, 2000, Chydaekata Bradbury, 2000, Kruptus 
Finston et al., 2008), five genera are known from the 
southwest of Western Australia (Protocrangonyx 
Nicholls, 1926, Uroctena Nicholls, 1926, Hurleya 
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Straskraba, 1966, Totgammarus Bradbury and Williams, 
1995, Toulrabia Barnard and Williams, 1995) and five 
genera are known from eastern Australia (Giniphargus 
Karman and Barnard, 1979, Austrocrangonyx Barnard 
and Barnard, 1983, Austrogammarus Barnard and 
Barnard, 1983, Antipodeus Williams and Barnard, 1988, 
Chillagoe Barnard and Williams, 1995). Three of the 
genera from the Pilbara are monospecific. Pilbarus 
millsi Bradbury and Williams, 1997a and Molina 
pleobranchos Bradbury, 2000 were both described 
from the Millstream aquifer in the lower Fortescue 
River basin, the former from a spring habitat, and 
Kruptus linnaei Finston et al., 2008 was described from 
six bores in Spearhole Creek, in the upper Fortescue 
River basin. In contrast, the fourth genus, Chydaekata, 
comprises 15 species, 14 of which were described from 
Ethel Creek near Newman, and the 15 th described from 
Ebathacalby Well on the west side of the Fortescue 
Marsh, approximately 90 km to the northwest in the 
upper Fortescue River basin. Based on the original 
descriptions and distributions, no species of Chydaekata 
was found in more than one bore, and six species were 
described from a single bore. Molecular studies have not 
supported the finding of multiple species of Chydaekata 
at Ethel Creek (Finston et al. 2004a; Finston et al. 
2007), however, they suggest that across a large part 
of the Pilbara both Chydaekata and Pilbarus comprise 
multiple highly divergent lineages associated with 
distinct tributaries, and these lineages may represent 
cryptic species within the two genera (Finston et al. 
2004b; Finston et al. 2007). Thus, based on molecular 
and hydrographical patterns it is likely that the 14 
species of Chydaekata at Ethel Creek are synonyms and 
the species at Ebathacalby Well, C. tetrapsis Bradbury, 
2000, represents a second species. The existing state 
of paramelitid taxonomy in subterranean waters of 
Pilbara may be summarized as follows: three valid 
species in three genera have been described (P. millsi, 
M. pleobranchos and K. linnaei), two are likely to be 
valid in Chydaekata (C. acuminata Bradbury, 2000 and 
C. tetrapsis ), and other undescribed species are likely to 
occur. 

The high level of morphological variation documented 
in Chydaekata at Ethel Creek highlights the importance 
of developing a methodology for separating those 
characteristics that are biologically meaningful at the 
species level from those that show natural variation 
within and among populations. When populations 
are in sympatry, molecular markers are an efficient 
way of identifying morphological variation that 
has no species-level meaning. Molecular markers 
may also be used to identify cryptic speciation in 
situations where the pattern of morphological variation 
does not obviously delineate species. In the present 
study, both morphological and molecular data were 
evaluated to provide evidence of the distinctiveness of 
recently collected paramelitid amphipods that, on first 
examination, appeared to belong to a new genus. Given 
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the historical difficulties within the Paramelitidae, and 
a lack of agreement on what constitutes diagnostic 
characters for the superfamily highlighted by Williams 
and Barnard (1988), a broader phylogeny is outside 
the scope of this paper, and we here focus only on 
1) diagnosing a new genus of Paramelitidae and 2) 
developing a dataset of molecular and morphological 
characters for the Paramelitidae, starting with genera 
from the Pilbara. To be considered a valid new genus, 
two criteria were established: 1) the haplotypes must 
form a monophyletic group, and 2) there must be 
consistent morphological differences between this 
monophyletic group and other genera. The evaluation 
took two forms: 1) phylogenetic analyses were used 
to test the existing taxonomy and the monophyly of 
the new paramelitid amphipod specimens and 2) an 
evaluation of morphological characters was used to 
identify morphological differences between genetic 
groups. We use the combined results to describe a new 
genus and two new species of stygobitic amphipods 
from the Pilbara. 

METHODS 

COLLECTIONS 

Representatives of all described genera of paramelitid 
amphipods from the Pilbara were collected between 
2001 and 2006 and included in the genetic analyses as 
follows: Molina pleobranchos, one bore in the lower 
Fortescue River basin, near its type locality aquifer at 
Millstream; Pilbarus, one bore from the type locality 
of P. millsi at Millstream in the lower Fortescue River 
basin, and one bore from a tributary in the Ashburton 
River basin; Chydaekata, four bores from four 
tributaries in the upper Fortescue River basin, including 
the type locality for C. acuminata ; Kruptus, one bore 
from the type locality at Spearhole Creek in the upper 
Fortescue River basin; new genus, six bores from three 
tributaries in the upper Fortescue River basin, Weeli 
Wolli Creek, Marillana Creek (conjoined downstream of 
the sampling areas with Weeli Wolli Creek), and Ethel 
Creek (Table 1; Figure 1). A specimen of Nedsia sp. 
Barnard and Williams 1995 (family Melitidae) from a 
tributary in the Ashburton River basin was sequenced 
for use as an outgroup. These 14 individuals were 
sequenced for variation at the mitochondrial genes 
cytochrome oxidase subunit I (COI) and the large 
ribosomal RNA subunit (16S) and as well as the nuclear 
small ribosomal RNA subunit (18S). COI sequences 
of other Paramelitidae ( Uroctena Nicholls, 1926, the 
undescribed ‘Yilgarus’ and Paramelitidae sp. 3) are 
available on Genbank, and were included in a separate 
analysis of single representatives of each genus using 
just COI, because data for 16S and 18S were lacking. 

PCR AND SEQUENCING PROTOCOLS 

Whole genomic DNA was extracted from frozen 
or alcohol-preserved specimens. Specimens stored in 


156 


T.L. FINSTON, M.S. JOHNSON, S.M. EBERHARD, J.S. COCKING, J.M. MCRAE, S.A. HALSE AND B. KNOTT 



^ WESTERN 
AUSTRALIA 


Barrow Island 


Onslow Coast 


Capo 

Range 


Sampling locations 

1. Chydaekata 

2. Kruptus 

3. Maarrka gen. nov. 

4. Molina 

5. Pilbarus 


Port Hedland Coast 


De Grey 


Fortescue 


Ashburton 

Tookm 


FIGURE 1 Map of the Pilbara showing the location of the five currently described paramelitid genera used in the 
present study. CC = Caves Creek, EC = Ethel Creek, MC = Marillana Creek, MS = Millstream, SC = 
Spearhole Creek, WW = Weeli Wolli Creek. Dark lines indicate river basin boundaries, which are labelled 
in large type. 


alcohol were rinsed twice in a lOmM Tris solution to 
remove the alcohol before the extraction process. One 
or two pereopods were dissected from each individual, 
and extractions were carried out in 50 pi of a proteinase 
K extraction buffer (Schwenk 1996) for 16 to 20 hours. 
The resulting extract (final volume approximately 
50 pi) was used directly as the DNA template. Two 
mitochondrial regions (COI and 16S) and one nuclear 
region (18S) were analysed for all specimens (see 
Table 2 for a list of primers). For some samples, 
internal primers were designed using the software 
package Primer 3 (Rozen and Skaletsky 2000), and 
these were used in both the PCR and the sequencing 
reactions (Table 2). The 25 pi PCR reactions used 0.2 
mM dNTPs, 3.0 mM MgCl 2 , lx buffer, 10.0 pmoles of 
each primer, 1 unit Taq, and 2.5 pi template, either at 
full concentration or at 1/10 dilutions. Sequences were 
cleaned using the UltraClean™ PCR Clean-up DNA 
purification kit (MoBio Laboratories, Inc.) prior to 
sequencing. The sequencing reaction was carried out 
using the BigDye V3 Ready Reaction Mix (ABI Prism), 
and the products were sequenced in both directions on 
an ABI 373 automated sequencer (Applied Biosystems). 
Sequences were edited and aligned with GeneDoc 
(Nicholas and Nicholas 1997), using default settings. 


MOLECULAR DATA ANALYSES 

In order to assess the validity of combining data 
sets from all DNA regions, we tested for the model of 
sequence evolution that best fit each gene region using 
ModelTest (Posada and Crandall 1998) and PAUP v4bl0 
(Swofford 2001) using the Akaike information criteria. 
Modeltest was run for each gene region separately, and 
then again on two sets of combined datasets (COI +16S 
and COI +16S +18S). The General Time Reversible 
model with a significant proportion of invariable 
sites and gamma distributed rates (GTR+I+G) was 
found to be the best fit for COI and 16S, as well as the 
combinations COI+16S and COI+16S+18S. The HKY+I 
model was found to be the best fit for 18S. Pair-wise 
(GTR) distances between haplotypes were calculated on 
the COI data only using PAUP. 

Maximum likelihood (ML) analyses with 100 
bootstrap replicates were performed in PAUP for the 
combined gene and separate COI data sets, using the 
GTR+I+G model of sequence evolution and settings, and 
utilising nearest neighbour branch swapping, with the 
starting trees obtained by neighbour-joining. Further, 
MrBayes 3.1.2 (Huelsenbeck and Ronquist 2002) was 
used on the two data sets (COI+16S+18S and COI) to 









TABLE 1 Specimens used in the present study and the sites from which they were collected. Specimens analysed for DNA sequence variation indicated by possession 
of Genbank accession number. Voucher numbers for Western Australian Museum collections, unless otherwise noted: * = Department of Environment and 
Conservation collections. 
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TABLE 2 Primers used for the amplification of paramelitid amphipods from the Pilbara. 


Reference 

Forward primer 

Reverse primer 

COI 



Folmer et al. 1994 

LCOI490 5’GGT CAA CAA 

HC02198 5’TAA ACT TCA GGG 

ATC ATA A AG ATA TTG G 3 ’ 

TGA CCA AAA AAT CA 3’ 

Finston et al. 2007 

MS3-for 5’TCT GAA TTA AG A 

GCC CCAGGT3’ 

MS3-REV 5’GGT CAC CTC CAC 

CAC TAG GA 3’ 

this study 

TC-for 5 ’TGG GCA AGA ATG 
CTAGGAAC 3’ 

TC-REV 5’CGC CAC TAG GGT CAA 

AGA AT 3’ 

16S 



modified from 

16S-ar 5’CGC CTG TTT AAC 

16S-BR 5’CCG GTC TGA ACT CAG 

Palumbi et al. 1996 

AAAAAC AT 3’ 

ATC ACGT3’ 

this study 

16S-PAR-for 5’TAA TTC AAC 

16S-PAR-REV 5’AAT TGA AGG CTG 

ATC GAGGTC3’ 

GAA TGA ATG 3’ 

18S 



modified from 

G51 5’GGT TGATCC TGC CAG 

G52 5’AGG CTC CCT CTC CGG 

Hillis and Dixon 1991 

TAG 3’ 

AAT CGA A 3’ 


reconstruct the phylogeny using a Bayesian approach. 
The GTR model (nst = 6) with gamma- distributed 
rates was used for both analyses. Four chains were run 
simultaneously for 5 x 10 6 generations, sampling trees 
every 100 generations. The log-likelihood values were 
assessed for stationarity by visually inspecting a plot of 
the p-file values, generated in Excel©. The likelihood 
values reached stationarity after about 300,000 
generations for both the COI and the combined data sets. 
A majority rule consensus tree was constructed using 
the ‘sumt’ command, discarding the first 3,000 trees for 
both the COI and combined data sets. 


MORPHOLOGICAL ASSESSMENT 

A two-step approach was used to assess the 
taxonomic status of the new genus. First, existing 
keys and descriptions of the Australian amphipod 
fauna (Williams and Barnard 1988; Bradbury and 
Williams 1999; Lowry and Springthorpe 2001) were 
used to identify the new specimens to the lowest 
taxonomic level possible. Second, 31 characters [26 
diagnostic characters used previously to identify a 
new genus of stygobitic amphipod from the Pilbara 
(Finston et al. 2008), and five new characters] were 
used in a distance analysis. We have attempted to 
include mainly characters that are diagnostic (present/ 
absent or measurable) and limit characters that 
require interpretation of scale or abundance thus 
being prone to subjectivity. The characters were 
assembled from generic descriptions and taxonomic 
keys of Australian freshwater amphipods (Williams 
and Barnard 1988; Bradbury and Williams 1996, 1997a, 
1999; Bradbury 2000) as well as our own observations, 


and character states were recorded for the 31 characters 
for representatives of each genus of Paramelitidae 
described from the Pilbara (Pilbarus, Chydaekata, 
Molina and Kruptus ), as well as the new genus. Hurley a 
kalamundae Straskraba 1966, a paramelitid groundwater 
amphipod from south-western Western Australia, which 
shows superficial morphological similarities to the new 
genus, was also included to test its relationship to the 
new genus. A specimen of Nedsia douglasi Barnard 
and Williams 1995 (family Melitidae), was included 
as an outgroup. Due to a limited amount of material 
for examination, character states for Nedsia douglasi 
and Hurleya kalamundae were determined from the 
original descriptions. Character states for the remaining 
species were determined from the examination of 
preserved material as follows: Pilbarus millsi, four 
specimens from one bore at Millstream, Chydaekata 
acuminata, ten specimens from one bore at Ethel Creek, 
Molina pleobranchos, three specimens from one bore 
at Millstream, Kruptus linnaei, 14 specimens from five 
bores at Spearhole Creek, new genus, 11 specimens from 
eight bores at Weeli Wolli and Marillana Creeks, and 
eight individuals from five bores at Ethel Creek. Where 
characters could not be scored from the preserved 
specimens for Pilbarus, Chydaekata and Molina, states 
were taken from original descriptions. The remaining 
nine genera of Paramelitidae were not included in the 
formal taxonomic analysis but diagnostic morphological 
differences between them and the new genus were 
recorded using original descriptions or revisions. 

A data matrix of the scores for the 31 characters 
was constructed using NDE 5.0 (Page 2001), and all 
characters were included as unordered and unweighted. 
A distance matrix of mean character differences was 
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FIGURE 2 Most probable tree for combined C01, 16S and 18S data, based on Bayesian (shown) and ML analyses. 

The tree is rooted with a specimen of Nedsia (family Melitidae). Haplotypes labelled with location in 
tributary: CC = Caves Creek, EC = Ethel Creek, MC = Marillana Creek, MS = Millstream, SC = Spearhole 
Creek, WW = Weeli Wolli Creek. Posterior probabilities and >50% support based on 100 bootstrap 
replicates are shown on branches. 


constructed in PAUP using the DISTANCE criterion 
(Swofford 2001), and multidimensional scaling of the 
distance matrix was conducted in SYSTAT (Wilkenson 
1988) using the MDS module and the Kruskal loss 
function. 

RESULTS 

GENETIC ANALYSES 

Alignment of sequences resulted in 658 bp, 485 bp, 
and 424 bp fragments of the COI, 16S, and 18S regions 
respectively. Among the 14 ingroup taxa, there were 14 
unique haplotypes at COI, 12 at 16S and six at 18S. At 
16S, three individuals of the new genus from Marillana 


and Weeli Wolli Creeks shared the same haplotype. At 
18S, both specimens of the new genus from Ethel Creek 
shared the same haplotype, three of the four specimens 
from Marillana and Weeli Wolli Creeks shared the 
same haplotype, and most notably, all six specimens of 
Chydaekata and Pilbarus shared a single haplotype. 

Because the addition of the nuclear data set to the 
mitochondrial alignment did not change the model 
of sequence evolution with the best fit (GTR+I+G), 
the three regions were combined for the phylogenetic 
analysis. A second phylogenetic analysis was run 
containing COI sequences only and included a 
representative of all available Paramelitidae genera. 
The ML and Bayesian analyses of the combined data 
set resulted in nearly identical trees, the only difference 
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being the transposition of two haplotypes of the new 
genus from Weeli Wolli Creek, BH17s and WB2- 
le. Both phylogenies showed six distinct lineages in 
addition to the outgroup (Figure 2, only the Bayesian 
tree with the highest posterior probability is shown). 
Four of the lineages corresponded to the four described 
genera and two lineages contained haplotypes of the 
new genus, hereafter referred to as Maarrka gen. 
nov. Haplotypes of Maarrka were divided into two 
lineages, which showed an association with hydrological 
structure. One lineage contained the haplotypes from 
Ethel Creek (hereafter referred to as Maarrka etheli sp. 
nov.) and the second contained haplotypes from Weeli 
Wolli and Marillana Creeks, the conjoined tributaries 
(hereafter referred to as Maarrka weeliwollii sp. nov.; 
Figure 2). Lineages within the Pilbarus and Chydaekata 
clades were also associated with hydrological structure. 
Bootstrap support for the six lineages was variable, 
ranging from 85 to 100% but posterior probabilities were 
1.0. Support was particularly high (bootstrap values 
ranging from 94 to 100% and posterior probabilities 
of 1.0) for the lineages of Maarrka , but higher level 
relationships among genera were less well supported. 

In the ML and Bayesian phylogenies of COI 
haplotypes, which included representatives of each 
genus of Paramelitidae where sequences were available, 
each lineage corresponded to a genus. ML bootstrap 
support was low to moderate, ranging from <50% to 
72%, whereas posterior probabilities were generally 
higher, ranging from <0.5 to 1.0. Like the combined tree, 
the monophyly of Maarrka was well-supported, showing 
deep genetic divergences between it and the remaining 
genera (Figure 3). The COI phylogenies showed 
similarities to the combined tree in the arrangement 
of lineages, with Molina being the sister lineage to the 
Pilbarus/Chydaekata group, and Kruptus forming a 
clade with Maarrka that also included ‘Yilgarus’ and 
Paramelitidae sp. 3 (Figure 3). 

GTR distances among genera at the COI gene showed 
that Maarrka was highly divergent from other genera of 
the paramelitids, showing 21-30% sequence divergence 
between it and the other genera (Table 3). Haplotypes 
of Maarrka differed from 1.0 to 5.2% between the 
conjoined Weeli Wolli and Marillana Creeks, while 
the lineages corresponding to separate tributaries 
(Marillana/Weeli Wolli versus Ethel Creek), showed 24- 
25% sequence divergence. By comparison, haplotypes 
of Pilbarus from different tributaries differed from 
one another by 12 %, and haplotypes of Chydaekata 
from different tributaries differed from one another 
by 15-19 %. Haplotypes of Chydaekata from the two 
adjoining tributaries, Weeli Wolli Creek and Marillana 
Creek, differed by <1%. Haplotypes of Chydaekata and 
Pilbarus differed by 19-24%. 

MORPHOLOGY 

The specimens from Ethel Creek keyed to the 
Paramelitidae, having a prominent, biramous third 
uropod, mandibular palps present, and uropod 1 lacking 
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a robust basio-facial spine. Within the confines of the 
key, the specimens keyed to Pilbarus millsi, where 
article 1 of the mandibular palp was much longer than 
wide, article 2 had few setae, and article 3 lacked A 
setae. However, many characteristics of the Ethel Creek 
specimens differed from P. millsi, including differences 
in the size and shape of the gnathopods, the location of 
the coxal gills, the extent to which the telson is cleft, 
the degree of development of the inner lobes of the 
lower lip, the extent and arrangement of setation on the 
appendages, especially the gnathopods and uropods, 
and the presence of calceoli on antenna 2 in the female. 
While some individuals from Weeli Wolli and Marillana 
Creeks also keyed to the Paramelitidae, some specimens 
could not be keyed to a family. The presence of the 
basio-facial spine on uropod 1 in some individuals is 
a trait associated with the Melitidae, whereas other 
traits of the Paramelitidae were also present, such as 
the presence of a prominent, biramous third uropod and 
mandibular palps. 

Characters used to assess generic relationships are 
listed in Table 4. The paramelitid genera differed from 
one another by between three and 21 character states 
(Table, 5, 6). This translated to distances ranging from 
0.097 between the two lineages of Maarrka as well as 
Pilbarus and Chydaekata to 0.677 between Molina and 
both lineages of Maarrka (Table 6). Multi-dimensional 
scaling of the distance matrix showed clear separation of 
Maarrka from the other Pilbara paramelitids, from the 
melitid, and from Hurleya (Figure 4). Three characters 
were unique to the paramelitids: the presence of the 
accessory flagellum on antenna 1 (character 1), the 
presence of the inner ramus on uropod 3, (character 
2), and the presence of a prominent mandibular palp 
(character 3; Table 5). The proportion of the length 
to width of the first article of the mandibular palp 
(character 22), the extent of setation on the 2 nd article 
of the mandibular palp (character 23) and the presence 
of C setae on the 3 rd article of the mandibular palp 
(character 26) also showed differences between the 
two families. Maarrka differed from other species of 
paramelitids by 14 to 21 character differences (Table 
5, 6) and four characters were unique to specimens of 
Maarrka : the length of the flagellum on the antenna 

2 (character 5), the degree to which the telson is cleft 
(character 13), the shape of article 1 of the mandibular 
palp (character 22), and the type of setation on uropod 

3 (character 30). In particular Maarrka differed from 
Hurleya by 11 to 14 characters in the Ethel Creek and 
Marillana/Weeli Wollii Creek specimens, respectively 
(Table 6). Despite some specimens from Weeli Wolli 
and Marillana Creeks sharing the presence of a basio- 
facial spine on uropod 1 with the melitids, they differed 
from the melitid by 14 characters (Table 5, 6). The two 
lineages of Maarrka differed by three characters (Table 
5, 6), the presence or absence of a basio-facial spine on 
uropod 1 (character 14), the presence or absence of inner 
lobes of the lower lip (character 15), and the presence of 
absence of calceoli on antennule 2 in females (character 


EU304458 Neds 
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TABLE 4 Characters and character states used for classification of eight species of amphipods belonging to 
Paramelitidae and Melitidae. 


1. Number of articles on accessory flagellum A1: 

0. <3 (short) 

1. >3 (long) 

2. Inner ramus U3: 

0. short or absent 

1. moderately elongate; > 0.3 length of outer ramus 

3. Mandibular palp: 

0. reduced (2 articles) 

1. prominent (3 articles) 

4. Calceoli on flagellum of A2 (male): 

0. absent 

1. present 

5. A2 length of flagellum: 

0. < length of peduncle 

1. > length of peduncle 

6. Coxae: 

0. reduced 

1. intermediate 

2. expanded 

7. First location of coxal gills: 

0 . 2 

1. 3 

8. Last location of coxal gills: 

0 . 6 

1. 7 

9. Sternal gills: 

0. absent 

1. partial set (6-7) 

2. near full set (2-6 or 3-6) 

3. full set (2-7) 

10. Palmar angle G1: 

0. strongly oblique 

1. weakly oblique 

2. transverse 

11. Palmar angle G2: 

0. strongly oblique 

1. weakly oblique 

2. transverse 

12. Carpus of G2: 

0. short; <50% of prodopus 

1. long; ~ prodopus 

13. Cleftness of telson: 

0. 0% (entire) 

1. <50% 

2. >50% 

14. Basio-facial seta U1: 

0. always absent 

1. sometimes or always present 

15. Inner lobes of lower lip: 

0. absent 

1. present 

16. Calceoli on peduncle of A2 (female): 

0. absent 

1. present 


17. Rugosities on gnathopods: 

0. absent 

1. present 

18. Asthetascs on A1: 

0. absent 

1. present 

19. Posteroventral setae on epimera 1-3: 

0. absent 

1. present 

20. Length of pleopod rami: 

0. short (3-7 articles) 

1. long (8-11 articles) 

21. Distal article of outer ramus, U3: 

0. absent 

1. present 

22. Article 1 of mandibular palp: 

0. length less than 2x width 

1. length approximately 2x longer than width 

2. length noticeably longer than 2x width 

23. Article 2 of mandibular palp: 

0. with few setae 

1. moderately setose 

24. Long posterior setae on article 1 of 
pereopods 3 and 4: 

0. absent 

1. present 

25. Distal margin of coxa 4: 

0. not excavate 

1. excavate 

26. Article 3 of mandibular palp: 

0. lacking C setae 

1. bearing C setae 

27. Calceoli on peduncle of A2 (male): 

0. absent 

1. present 

28. Dactyl on pereopods: 

0. simple 

1. multispinous 

29. Setation on posterior margin of 

propus and carpus of G2: 

0. absent or sparse 

1. densely setose 

30. Setae on U3: 

0. absent or sparse 

1. stout setae in ranks 

2. plumose setae 

31. Calceoli on flagellum of A2 (female) 

0. absent 
1. present 


TABLE 5 Scores for eight species of amphipods belonging to Paramelitidae and Melitidae for the 31 morphological characters shown in Table 3. ? = trait was not scored, NA 
= trait does not exist for that species. 
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[4] Chydaekata acuminata 0.552 0.129 0.097 x 12 15 

[5] Hurleya kalamundae 0.500 0.433 0.433 0.400 x 18 

[6] Kruptus linnaei 0.655 0.484 0.548 0.484 0.600 x 

[7] Maarka weeliwollii sp. nov. 0.483 0.677 0.484 0.581 0.533 0.548 






NEW GROUNDWATER AMPHIPODS FROM THE PILBARA 

30). Molina, Pilbarus and Chydaekata clustered together 
(Figure 4), sharing 16 characteristics (Table 6). Pilbarus 
and Chydaekata were especially close, differing by 
three characters (Table 5, 6), the presence or absence 
of sternal gills (character 9), the presence or absence of 
asthetascs on antenna 1 (character 18) and the presence 
or absence of C setae on the 3 rd article of the mandibular 
palp (character 26; Table 5). This level of differentiation 
is equivalent to the differentiation between the two 
lineages of Maarrka (Table 6), and with the exception 
of the relatively close relationship between Molina, 
Pilbarus and Chydaekata, is substantially less than the 
differentiation between the other genera of paramelitids 
(Table 6). 

DISCUSSION 

TAXONOMIC IMPLICATIONS 

This study provided morphological and genetic 
evidence to support the recognition of two new species 
of paramelitid amphipods, from the Pilbara region of 
Western Australia, belonging to a single new genus. The 
genus Maarrka and its two new species met the criteria 
to be considered valid taxa - the haplotypes of Maarrka 
formed a monophyletic group showing deep genetic 
divergence as did both species within the Maarrka 
lineage, and there were consistent morphological 
differences between those monophyletic groups. 

The genus Maarrka differs from other genera of the 
Paramelitidae by >20% sequence divergence and 14-21 
morphological characters (47 to 68% morphological 
divergence). The two species of Maarrka differ 
from each other by >23% sequence divergence and 
three morphological characters (10% morphological 
divergence). In addition, several other characters that 
were not included in the character matrix also show 
differences between the two species and may be of 
taxonomic use (gnathopods 1 and 2 being similar in 
shape in M. weeliwollii but dissimilar in M. etheli, setal 
rows being absent from the post-palm of gnathopods 1 
in M. etheli and present in M. weeliwollii, differences 
in the degree of cleftness and ornamentation of the 
telson). Of particular taxonomic interest is the presence 
of the basio-facial spine on the first uropod of most 
specimens of M. weeliwollii. The occurrence of this 
spine is one of the diagnostic features of the family 
Melitidae (Bradbury and Williams 1999). Despite 
the presence of this character in some specimens, the 
genetic evidence and the bulk of the morphological 
evidence place Maarrka in the Paramelitidae. Gross 
differences in several morphological characters separate 
the two families, such as the reduction or absence of 
structures in the Melitidae, including calceoli on the 
antennae, the accessory flagellum on antenna 1, the 
inner ramus of uropod 3, and the mandibular palp. 
These features are present and well-developed in the 
Paramelitidae, Maarrka inclusive. The present study 
brings into question the phylogenetic importance of 
the basio-facial spine, and the taxonomic usefulness 
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of the trait, particularly given that it is also present in 
the paramelitid species Chillagoe thea Barnard and 
Williams, 1995. The shared presence or absence of 
characters across diverse taxonomic groups may reflect 
convergent or parallel evolution, a defining feature of 
troglomorphy (Culver et al. 1995), The appearance of 
this character across families highlights the value of 
establishing a molecular framework to guide the search 
for taxonomic characters. 


RELATIONSHIPS BETWEEN GENERA 

The combined molecular and the separate COI data 
sets are similar in their placement of Maarrka, placing 
it as a sister genus to Kruptus in the former and in a 
clade containing Kruptus and Paramelitidae sp. 3, in the 
latter. Both analyses support a close affinity of Molina 
to Pilbarus and Chydaekata. Given the high bootstrap 
support for the combined analysis, we would expect this 
phylogeny to be more representative of relationships 
between genera than is shown by the individual gene 
data, where bootstrap support is low at deeper levels, 
however it is important to note that the small number 
of taxa used in the combined analyses limits the 
ability to adequately resolve relationships between 
genera. Instead, this study clearly demonstrates the 
distinctiveness of the genus Maarrka and has provided 
a molecular framework on which to build future 
phylogenetic and taxonomic studies. 

The morphological analysis also shows Maarrka to 
be highly distinct from all four described paramelitid 
genera from the Pilbara. It differs from Pilbarus, 
Chydaekata, Molina and Kruptus in the shape and 
size of the gnathopods, both of which are large and 
prominent, as well as the reduction in size of other body 
segments, such as the basipodites, coxae and carpus. 
Maarrka possess the classic morphological features 
of stygobitic fauna, being extremely attenuated and 
vermiform, while Pilbarus, Chydaekata, and Molina are 
less modified in this regard, possessing longer coxae, 
greater spinescence, and broader appendages. Kruptus 
also has reduced spinescence but is less ornamented 
than Maarrka on several appendages, including the 
uropods and telson. The close relationship between 
Molina, Pilbarus and Chydaekata is supported by the 
morphological analysis, where 16 characters unite 
the three genera. Molina, Pilbarus, Chydaekata and 
Maarrka are bound by possessing the distal article of 
the outer ramus of uropod 3, having telson which are 
cleft to varying degrees, and the presence of calceoli 
on the peduncle of the second antennule. Kruptus 
differs in all these features. Pilbarus, Chydaekata and 
Molina share many morphological characters such as 
long coxae, small, similarly shaped gnathopods with 
transverse or weakly oblique palmar corners and with 
long carpi, telsons that are deeply cleft, and expanded 
basipodites ofpereopods 5-7. 

The morphological analysis suggests that Pilbarus 
and Chydaekata are closely related. In our data set, just 
three diagnostic characters differentiate Pilbarus and 
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Chydaekata : the absence of sternal gills in Pilbarus, 
and their presence in Chydaekata ; the presence of 
asthetascs on antenna 1 in males of Chydaekata and 
their absence in Pilbarus and the presence of C setae 
on article 3 of the mandibular palp in Pilbarus and their 
absence in Chydaekata. The same three characters can 
be found in Bradbury’s (2000) summary of relationships 
between Chydaekata and Pilbarus. In addition to 
the three characters, Bradbury (2000) listed several 
non-diagnostic differences between Pilbarus and 
Chydaekata such as the degree of robustness of the 
body in the two genera, the abundance of marginal setae 
on coxae 5-7, and posterior margins of the pleonites, 
shape of the palmar angle of the gnathopods, which 
is described as being transverse in Chydaekata and 
oblique in Pilbarus, but is described as being ‘weakly 
oblique’ in the majority of specimens of Chydaekata. 
Using our criteria to include mainly those characters 
that are diagnostic and limit characters that are 
subjective, Chydaekata and Pilbarus share the same 
level of morphological differentiation as the two species 
of Maarrka. In the present study, the COI and combined 
gene trees show Pilbarus and Chydaekata each to 
be monophyletic, but the 18S data show that the six 
specimens of Pilbarus and Chydaekata share the same 
haplotype, including specimens of each genus from their 
type localities. Efforts to find sympatric populations of 
the two genera, and a full morphological examination 
within and between populations will further our 
understanding of the relationship between Pilbarus and 
Chydaekata. 

SPECIATI0N OF THE FAUNA 

The presence of distinct lineages of Maarrka in 
separate tributaries is consistent with the antiquity of 
the hydrological structure of the Pilbara and with its 
probable role in isolating populations of the stygobitic 
fauna and promoting speciation (see Humphreys 1999, 
2001; Finston et al. 2007). The Pilbara is characterized 
by a long history of tectonic stability; the current river 
systems are thought to have been formed approximately 
100 mya (Beard 1998). Increasing aridity and the 
consequent cessation of regular flow in the rivers 
during the Tertiary are hypothesized to have forced the 
epigean fauna into subterranean refuges (Bradbury and 
Williams 1997b; Humphreys 2001). Recent mtDNA data 
for Pilbarus and Chydaekata support this hypothesis 
in the Pilbara, where highly divergent lineages, 
associated with separate tributaries, were shown to 
have been evolving independently for millions of years 
(Finston et al. 2007). Similar patterns of distribution 
have been observed in tainisopid isopods (Finston et 
al. 2009; Wilson 2003; Keable and Wilson 2006). In 
the absence of a clear fossil or geological record, we 
examined rates of sequence divergence obtained for 
COI in other taxonomic groups to estimate the age of 
lineages of Maarrka in the Pilbara. Estimated rates 
of sequence divergence for COI in crustaceans range 
from 1.4% to 2.6% per million years (Knowlton et al. 
1993; Knowlton and Weigt 1998). Using an average 
value of 2% sequence divergence per million years for 


the COI gene, the genus Maarrka separated from the 
remaining Paramelitidae approximately 10-15 mya. This 
is consistent with a Pliocene separation and lends further 
support to hypotheses of hydrological patterns driving 
evolutionary processes and speciation in the stygobitic 
fauna of the Pilbara. 

FAMILY PARAMELITIDAE BOUSFIELD, 1977 

Maarrka gen. nov. 

TYPE SPECIES 

Maarrka weeliwollii sp. nov. 

DIAGNOSIS 

Gnathopods 1 and 2 of similar size and very large. 
2nd antennae with tongue-shaped calceoli. Prominent 
accessory flagellum on antenna 1, of three articles, 
mandibular palp prominent, of three articles. Coxae 
highly reduced. Carpus of gnathopods 1 and 2 also 
highly reduced and triangular in shape. Apical article of 
uropod 3 highly reduced. 

DISTRIBUTION 

This genus has been found in Ethel Creek, Roy Hill, 
Weeli Wolli Creek, Marillana Creek, and Iron Valley, all 
in the upper Fortescue River drainage, Pilbara, Western 
Australia. 

RELATIONSHIPS 

Maarrka is unlikely to be confused with other 
amphipods of the Pilbara, owing to the highly 
distinctive enlarged gnathopods 1 and 2, truncated carpi 
of the gnathopods, and its distinctive telson, which is 
only slightly cleft. It also shows diagnostic differences 
from the remaining Australian paramelitid genera. 
Maarrka shares large, markedly oblique gnathopods 
1 and 2 with Hurleya kalamundae, but differs from 
that species in many respects. Hurleya differs in the 
location of the coxal gills, lacks calceoli on the peduncle 
and flagellum of antenna 2 of the female and possesses 
posteroventral setae on epimera 1-3. Chillagoe thea 
possesses a basio-facial spine on uropod 1, like most 
specimens of M. weeliwollii and unlike any other 
paramelitids, however, lacks the distinct gnathopods 
of Maarrka and also lacks the inner ramus of uropod 
3 and calceoli on antenna 2, which are present in M. 
weeliwollii. Similarly, Uroctena and Toulrabia lack 
calceoli on antenna 2. Giniphargus, Protocrangonyx, 
Toulrabia and Antipodeus have small gnathopods, 
and in Antipodeus and Totgammarus, the palms of 
the gnathopods possess dense spinesence, whereas in 
Maarrka, the palms possess weak spinesence. Toulrabia 
lacks the distal article of the outer ramus of uropod 
3 while the article is present in Maarrka. The inner 
ramus of uropod 3 is elongate in Maarrka, > 0.3* the 
length of the outer ramus, similar to Kruptus, Molina, 
Pilbarus and Totgammarus, but differing from the 
remaining genera. Coxae 1-3 have robust posterior setae 
in Austrogammarus, which are lacking in Maarrka. 
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FIGURE 5 Maarrka weeliwollii sp. nov., holotype female, 5 mm, whole animal and antennae (A). Scale bar = 500 pm for whole animal, and 100 pm for antennae. L = left. 
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FIGURE 6 Maarrka weeliwollii sp. nov., holotype female, 5 mm, gnathopods (G), pereopods 3 and 6 (Pr), pleopod 1 (PI), uropods 1 and 3 (U), and telson (T); L = left. Arrow 
indicates oostegite (0) on LG2. Scale bar = 100 pm. NB.The two large basal spines on the telson were unique to this specimen, and were not observed in any 
other material examined. 



















NEW GROUNDWATER AMPHIPODS FROM THE PILBARA 
ETYMOLOGY 

The name Maarrka comes from the Yindjibarndi 
language of the Pilbara region. The name means praying 
mantis, and is in recognition of the distinctive, mantis¬ 
like gnathopods characteristic of the genus. 

Maarrka weeliwollii sp. nov. 

Figures 5-7 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia i $ (5 mm), Pilbara 
region, Weeli Wolli Creek, bore BH17s-4, 22°55’08”S, 
119°12’02”E, 4 November 2002, G. Humphreys (WAM 
C38151). 

Allotype 

Australia: Western Australia , S (4 mm), Pilbara 
region, Marillana Creek, bore SC5, 22°46’29”S, 
119°15’35”E, 6 April 2005, L. Mould, P. Runham (WAM 
C38169). 

Paratypes 

Australia: Western Australia : Pilbara region, 
Weeli Wolli Creek: 1 <J, bore JSE16-05-1, 22°49’34”S, 
119°16’44”E, 6 April 2005, K. Armstrong (WAM 
C38172); 1 juvenile, bore WB2-1, 22 0 57’15”S, 
119°08’43”E, 4 November 2002, G. Humphreys 
(WAM C38136); Marillana Creek: 2 juvenile, bore 
Mar3-05-2, 22 o 46’20”S, 119°13 , 22 ,, E, 4 April 2005, 
K. Armstrong (WAM C38163); 1 juvenile, bore M3- 
15, 22°46’20”S, 119 0 13’22”E 3 November 2003, K. 
Armstrong (WAM C38164); 1 juvenile, bore Plant-05-2, 
22°46’28”S, 119°13 , 38”E, 3 April 2005, K. Armstrong 
(WAM C38154); 1 juvenile, bore SA-1, 22°46’27”S, 
119°14’13”E, 26 August 2004, K. Armstrong (WAM 
C38162); 1 & 1 juvenile, bore SC-05-1, 22°46’29”S, 
119°15”35’E, 6 April 2005, K. Armstrong (WAM 
C38168); 2 juvenile, bore YJDD239, 22°47’25”S, 
119 o 15’10”E, 27 September 2005, J. Cocking, H. 
Barron (WAM C47038), 1 $, bore WW029, 22°43’59”S, 
119°18’45”E, 4 November 2009, D. Main, M. Scanlon 
(WAM C47037) 

DIAGNOSIS 

As for genus, but uropod 1 usually having a basio- 
facial spine. Gnathopods 1 and 2 of similar shape. Setal 
rows present on margin of post-palm of gnathopod 1. 
Apices of telson slightly cleft (approximately 20%), 
and with stout seta-spines on inner margins and long 
setae on outer margins. Calceoli present on the final 
peduncle of antenna 2 in both male and female. Inner 
lobes of lower lip moderately well developed in female, 
asymmetrical in male, setose. 

DESCRIPTION 

Female (WAM C38151) 

Bore BH17s-4, Weeli Wolli Creek. Figures 5-7. Head : 
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First antenna : primary flagellum of 18 articles, basal 
longest article and bearing two long bi-pinate setae 
medially on the ventral side, one short bi-pinate seta in 
the proximal corner and a setal row containing five short 
setae; long accessory flagellum, reaching !4 way along 
article 5 of the primary flagellum, of three articles, the 
1 st and 2 nd equally long, 3 rd short and very narrow. 
Second antenna : primary flagellum of 8 articles, article 
8 very narrow, articles 1-5 with tongue-shaped calceoli, 
peduncle article 3 with one calceolus on dorsal surface, 
peduncle article 2 bearing one long medial bi-pinnate 
seta and two apical setae on the dorsal side, plus one 
apical plumose seta and three medial spines on the 
ventral surface. Right mandible : large palp of three 
articles, 2 nd being largest both in length and breadth. 
Row of five setae at distal end of article 2. Article 3 has 
C, D and E setae as follows: seven C setae, D setae form 
a field covering the breadth of the article, E setae are 
mainly small, with one large. Incisor has a trifid tooth 
plus one bifid tooth. Lacinia is a flat plate with four 
teeth. The setal row is displaced, lying medially, above 
the lacinia and contains three spurs. The molar is raised 
with a serrated grinding surface. Right maxilla 1 : two 
articles, 2 nd article largest, approximately 2* longer than 
article 1 and terminating in three seta-spines, two of 
which are apical and one which is sub-apical, plus one 
seta which is sub-marginal. Outer plate terminates in 
seven spines, three of which are ornamented, plus one 
asymmetrical trifid tooth. Inner plate short, nude except 
for two finger-like spines. Right maxilla 2: consists of 
two lobes of nearly equal size; inner lobe slightly 
shorter. Dense setules on surface and margin of inner 
plate and terminating in four long spines, one short 
spine, and two plumose setae. Outer plate with sparse 
setation on outer margin and terminating in eight long 
spines and one short spine. Right maxilliped : four 
articles in palp, prominent dactyl. Palp: First article with 
prominent seta-spine on inner margin. Second article 
with nine long seta-spines on inner margin. Third 
article, inner margin with four seta-spines two of which 
are sub-marginal. Lobe at apex of article 3, near the base 
of article 4, and bearing three long plus one short seta- 
spines. Three long seta-spines near dactyl. Inner plate 
rectangular, and terminating in three stout sub-marginal 
apical spines plus one spine, which is sub-marginal and 
sub-apical. Inner margin with plumose seta-spine below 
apex. Outer plate markedly bulbous. Inner margin with 
one stout seta-spine midway. Five stout seta-spines near 
apex on inner side, which are sub-marginal, plus two 
along curve of apex. One long seta arises from the 
surface behind the third seta-spine. Anterior margin 
with field of long slender setae. Left mandible : palp of 
three articles, 2 nd article largest and with five long sub¬ 
marginal setae at distal end. 3 rd article with C, D and E 
setae as follows: seven C setae, D setae are a field of fine 
setules, E setae are four short and one long. Incisor 
process has single bifid tooth plus chitinised row of two 
teeth. Lacinia broad with one bifid denticle, the anterior 
edge of the anterior branch is markedly serrate. Setal 
row of two spurs and one plumose seta. Grinding 
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FIGURE 7 Maarrka weeliwollii sp. nov., holotype female, 5 mm, mouthparts: mandibles (MD), maxilla (MX), maxillipeds (MP), lower lip (LL); L = left, R = right. Scale bar = lOOpm 
except for LL, MX1, MX2 = 50pm. 
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surface of molar poorly developed, triturated, not raised 
and lacking in setae. Left maxilla 1: palp has two 
articles, 2 nd largest and terminating in two teeth and two 
seta-spines. Outer plate terminates in seven stout, 
heavily armed apical teeth plus an eighth tooth that is 
asymmetrically bifid. Inner plate is short, rectangular, 
nude except for two finger-like spines. Left maxilla 2: 
consists of two lobes, inner plate shorter than outer and 
more pointed at apex than in right. Inner plate with 
seven stout apical seta-spines and one plumose seta, and 
sparse setules on surface. Outer plate with eight stout 
apical seta-spines and a row of long, fine setules along 
outer margin. Left maxilliped : four articles in palp, 
prominent dactyl, article 2 largest. First article short, 
nude except for prominent seta spine at inner distal 
corner. Second article with nine long seta-spines on 
inner margin. Outer margin nude. Third article with 
seven long seta-spines on inner margin. Lobe at apex of 
article 3 bears three long setae and one shorter seta- 
spine. Article 4 with three long seta spines near nail. 
Inner plate terminates in three teeth and three spines, 
one of which is plumose, plus one sub-apical plumose 
spine. Inner margin with two spines near apical end plus 
one long seta, which arises medially from the surface. 
Outer margin lined with row of short setae. Outer plate: 
inner margin lined with six stout teeth plus two slightly 
longer teeth on apex, and one seta-spine. Outer margin 
lined with row of short setae and with one stout seta- 
spine mid-way, which is sub-marginal. Lower lip : Outer 
margins very sparsely setose, inner margins with setal 
tufts at apical end. Inner lobes asymmetrical with right 
lobe rounded and left flatter. Both left and right inner 
lobes with fine, short setules in rows. Body: vermiform 
in shape, coxae highly reduced, carapace smooth with 
little setation. Coxal gills on coxae 2-5. First gnathopod: 
palm oblique at corner, cutting edge convex followed by 
a smaller convex lobe. Outer surface nude. Cutting edge 
with a row of 23 seta-spines, with #1, 8, and 12 very 
long. Four robust spines located at corner, following 
margin of palm, plus three robust spines sub-marginally. 
Five setal rows on post-palm margin of 2-4 setae each. 
Coxa very short, scarcely covering base of basis, and 
asymmetrical, with anterior corner being angular and 
bearing one seta sub-marginally and posterior corner 
noticeably rounded. Basis with three long seta-spines on 
posterior margin. Carpus very short, triangular, 
embedded in base of propus, and with one long and one 
short seta on apical margin. Second gnathopod : slightly 
larger than gnathopod 1, and bearing coxal gill. Cutting 
edge with a row of seta-spines on both sides. Four robust 
spines located at corner. Outer surface at corner with 
four long seta-spines in a setal row. Cutting edge with a 
row of 22 seta-spines on outer margin, #8 and 11 are 
very long. Inner side of cutting edge with 14 seta-spines. 
Coxa very short with straight ventral margin, scarcely 
covering base of basis. Basis with one long, slender seta- 
spine. Ischeus long and comparatively narrow. Carpus 
short, triangular, embedded in base of propus, and with 
setal tuft on inner side of the posterior lobe. Pereopods: 
pereopods 3-7 having little setation, 2-5 bear coxal gills 
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and oostegites. Pereopods 5-7 with narrow basipodites. 
Pereopod 7 markedly long. Dactyl is short on pereopod 3 
and 4, intermediate on pereopod 5 and markedly long on 
pereopod 6 and 7. Pereopod 6 and 7 with few narrow 
setae on anterior margin of propus, posterior side few or 
bare. Oostegites with three long spines. Uropod 1: 
prominent basio-facial spine. Peduncle with spine on 
posterior corner. Outer ramus slightly shorter than inner. 
Setation on outer ramus is slender, with four stout setae 
on inner margin of inner ramus. Uropod 2: Peduncle 
nude except for two long spines on distal posterior 
corner. Outer and inner rami of near equal length; outer 
raumus terminates in three short and one long setae. 
Inner ramus terminates in three short and one long setae. 
Inner margin of inner ramus with two spines. Uropod 3: 
markedly extended. Inner ramus leaf- shaped, 1/3 - 1/4 
length of outer ramus, and with one short robust seta and 
one plumose seta on the inner margin. Outer ramus has 
two articles, the first terminating in four short and one 
long setae and the apical article being very small. Outer 
margin with five robust setae, inner margin with six 
plumose setae and six short robust setae. Telson: barely 
cleft, approximately 15%, apices narrow, but squared off 
at tips. Inner corner with one small spine and outer 
corner with one long seta. 

Male (WAM C38170) 

Bore SC5, Weeli Wolli Creek. Head : First antenna: 
primary flagellum of 13 articles, peduncle longest 
article, long accessory flagellum of three articles, the 1 st 
and 2 nd equally long, 3 rd short. Second antenna: primary 
flagellum of 6 articles, article 1 with tongue-shaped 
calceoli, peduncle with one calceolus. Right mandible: 
large palp of three articles, 2 nd being largest both in 
length and breadth. Row of three setae at end of article 
2. Article 3 has C, D and E setae, E setae are mainly 
small, with one large. Incisor has three teeth plus one 
bifid tooth. Lacinia is a flat plate with four denticles 
and a setal row containing two spurs. Molar lacks setae. 
Right maxilla 1: palp has two articles terminating in 
three teeth. Outer plate terminates in four stout apical 
teeth. Inner plate is short, rectangular, nude. Right 
maxilla 2: consists of two lobes. Sparse setules on 
surface and margin of inner plate and terminating in 
four spines. Outer plate with sparse setation on outer 
margin and terminating in five spines. Right maxilliped: 
four articles in palp, fourth article small and conical in 
shape. Article 2 largest. Outer margins of all articles 
nude except article 2 possessing a small spine at the 
distal end. Setation along inner margin of palp sparse 
and widely separated as follows: article 1: one long seta- 
spine, article 2: four long seta-spines, article 3: three 
long seta-spines on margin and three sub-marginal seta- 
spines, article 4; two sub-apical setae and one robust 
spine. Article 3 with one long apical seta. Outer plate 
approximately symmetrical, paddle-shaped at apex. 
Five marginal seta-spines on inner margin, which get 
longer toward apex. Sparse setules on outer margin. One 
stout seta arises from anterior surface of outer plate, 
markedly sub-marginal. Inner plate rectangular, and 
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with one long stout seta-spine on inner margin. Inner 
plate with three stout apical teeth and two that are sub- 
apical. Left mandible : palp of three articles, 2 nd article 
largest. Row of three setae at end of article 2. 3 rd with 
C, D and E setae. Lacinia broad with five denticles. 
Incisor process has single bifid tooth plus chitinised row 
of three spurs. Molar lacking in setae. Left maxilla 1: 
palp of two articles, 2 nd article largest, greater than 2x 
longer than article 1 and terminating in three seta-spines 
and one seta. Outer plate terminates in six ornamented 
spines. Inner plate short, nude as in right. Left maxilla 2\ 
consists of two lobes. Sparse setules on surface of inner 
plate. Inner plate with five stout apical spines, outer 
plate with six stout apical spines and no setae on outer 
margin. Left maxilliped : four articles in palp, fourth 
article small and conical in shape. Article 2 largest. 
Outer margins of all articles nude. Setation along inner 
margin of palp sparse and widely separated as follows: 
article 1: one long seta-spine, article 2: six long seta- 
spines, article 3: two long seta-spines on margin and 
three sub-marginal seta-spines, article 4; two sub-apical 
setae and one robust apical spine. Article 3 lobe-like 
with one long apical seta. Outer plate symmetrical, 
paddle shaped at apex. Four marginal seta-spines on 
inner margin, which get longer toward apex. Sparse 
setules on outer margin. One stout seta arises from 
anterior surface of outer plate, markedly sub-marginal. 
Inner plate rectangular and with three stout apical spines 
and three that are sub-apical, plus one on inner margin 
approximately 1/3 the distance from apex. Lower lip : 
Outer lobes: outer margins lacking setation, setal tufts 
at apices; inner margins densely setose and with a 
five long setae. Inner lobes: asymmetrical. Right lobe 
moderately well-developed but absent on left. Row of 
dense, very short setae on anterior margin of right inner 
lobe. Body, vermiform in shape, coxae highly reduced, 
carapace smooth with little setation. Coxal gills on 
coxae 3-6. First gnathopod : palm oblique at corner, 
cutting edge convex followed by a smaller convex lobe. 
Cutting edge with a regularly spaced row of seta-spines. 
One robust spine located at corner, following margin of 
palm. Coxa very short, scarcely covering base of basis. 
Basis with few spines. Carpus very short, triangular, 
embedded in base of propus. Second gnathopod : slightly 
larger than gnathopod 1. Similar in shape and spination 
to gnathopod 1. Pereopods : pereopods 3-7 having 
little setation, 3-6 bear coxal gills. Pereopods 5-7 with 
narrow basipodites. Pereopod 7 markedly long. Uropod 
1 : prominent basio-facial spine. Peduncle with four 
spines on margin. Outer ramus approximately equal in 
length to inner. Setation on outer ramus is absent, with 
one stout seta on inner margin of inner ramus, both 
terminating in one long seta and three spines. Uropod 2\ 
like uropod 1, but with outer ramus clearly shorter than 
inner. Inner ramus with two stout setae on inner margin. 
Uropod 3 : markedly extended. Inner ramus leaf- shaped 
and coming to a point, 1/3 - 1/4 length of outer ramus. 
Outer ramus has two articles, apical article very small. 
Outer margin with two plumose setae. Telson: barely 
cleft, about 20%, apices narrow, and gently rounded at 
tips. Inner corner with one small spine and outer corner 
with one long seta. 


CHARACTER VARIATION 

The basio-facial spine on uropod 1 was absent in 
three individuals, one of which was a male and the other 
two were juveniles and of uncertain sex. The number 
of robust setae and plumose setae on the inner ramus 
of uropod 3 varied from one to three and zero to two, 
respectively among individuals. The cleftness of the 
telson varied from 15-30%. The number of seta spines 
and long setae on the apices of the telson differed among 
individuals, and one individual (BH17s) possessed a 
pair of prominent sub-marginal basal seta-spines. The 
shape of the apices of the telson varied from squared to 
rounded. The number of seta-spine on the cutting edge 
of the gnathopods varied among individuals. 

DISTRIBUTION 

This species occurs in Weeli Wolli Creek and 
Marillana Creek in the upper Fortescue River drainage, 
Pilbara, Western Australia. 

ETYMOLOGY 

The species name arises from the location of the 
holotype specimen in Weeli Wolli Creek. 

Maarrka etheli sp. nov. 

Figures 8-10 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia, $ (7 mm), 
Pilbara region, Ethel Creek, bore P20d, 23 0 17’31”S, 
119°52’12”E, 28 July 2004, L. Mould and J. Lynas 
(WAM C38233). 

Allotype 

Australia: Western Australia, 8 (2.5 mm), 
Pilbara region, Ethel Creek, bore P20d, 23°17 , 31”S, 
119°52’12”E, 8 May 2005, M. Scanlon and H. Barron 
(WAM C45492). 

Paratypes 

Australia: Western Australia Pilbara region, Ethel 
Creek, 1 $, bore P13s, 23 0 18’59”S, 119°50 , 58”E, 
5 November 2005, L. Mould and J. Lynas (WAM 
C38207); 1 juvenile, bore WB23-4, 23°18’46”S, 
119°51’16”E, 4 November 2005, L. Mould, J. Lynas 
(WAM C38202); 1 juvenile , bore EC0009, 22°50 , 50”S, 
120°07’44”E, 23 July 2009, D. Main, G. Pearson 
(WAM C47034); 1 8, Knuckle Duster bore 22°44’08”S, 
119 0 45’55”E, 7 December 2009, M. Scanlon, G. Pearson 
(WAM C47035). 

DIAGNOSIS 

As for genus, but uropod 1 lacking a basio-facial 
spine. Gnathopods 1 and 2 dissimilar in shape. Setal 
rows absent from margin of post-palm of gnathopod 1. 
Apices of telson moderately cleft (approximately 40%), 
and with ornamentation (one or two stout seta-spines 
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FIGURE 8 Maarrka etheli sp. nov., holotype female, 7 mm, whole animal, antennae 2 (A) and uropods (U) 1 and 3. Scale bar = 500pm except U1, U3 = 250pm. L = left. 











LG 2 



FIGURE 9 Maarrka etheli sp. nov., holotype female, 7 mm, gnathopods (G), pereopods 3 and 6 (Pr), pleopod 1 (PI), and telson (T); L = left. Scale bar = 500 pm except for telson = 200 pm. 
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FIGURE 10 Maarrka etheli sp. nov., holotype female, 7 mm, mouthparts: mandibles (MD), maxilla (MX), 
maxillipeds (MP), lower lip (LL); L = left, R = right. Scale bar = 50pm. 


and long seta) on outer margin only. Calceoli present on 
the final peduncle of antenna 2 in female only, lacking in 
male. Lower lip lacking inner lobes. 

DESCRIPTION 

Female , (WAM C38233) 

Bore P20d, Ethel Creek, Figures. 8-10. Head : First 
antenna : primary flagella broken, peduncle longest 
article, long accessory flagellum of three articles, the 
3 rd very short. Second antenna : primary flagellum of 
ten articles, articles 1-9 with tongue-shaped calceoli 
with transverse ridges, peduncle with calceolus on 
mid-mesial surface. Right mandible : large palp of three 
elongate articles, 2 nd article largest and bulbous in shape, 
3 rd slightly larger than 1 st . Three long setae at end of 
article 2. 3 rd article with C, D and E setae. D setae are 
short, approximately one-half the width of the article. 
Lacinia with straight edge and a spine row plus two 
stout spines. Incisor process has five major projections. 
Molar process pointed, and lacking a grinding surface. 
Right maxilla 1 : palp has two articles, 2 nd article curved, 
and terminating in three stout spines and one sub-apical 


seta-spine. Outer plate terminates in five stout apical 
teeth, two of which are serrated. Inner plate simple, 
terminating in a row of apical seta-spines. Right maxilla 
2: inner and outer plate of relatively equal size and 
shape, but outer plate slightly larger. Inner plate nude 
but terminating in four spines. Outer plate terminating 
in five long spines. Right maxilliped : four articles in 
palp, article 2 largest, dactyl prominent. Inner plate 
with two setae and two stout spines, outer plate with 11 
seta-spines. Left mandible : prominent, with large palp 
of three articles, 2 nd being largest both in length and 
breadth and first being the shortest in length. First article 
nude. Row of three setae at distal end of article 2 near 
apical surface. Article 3 has C, D and E setae. D setae 
are long and thick, extending beyond margin of palp. 
E setae are mainly small, with two large setae at distal 
end. Incisor process has four teeth, the largest being 
bifid. Lacinia with four teeth, setal row contains three 
sensory projections. Prominent conical molar process 
with small grinding surface, and three plumose setae. 
Left maxilla 1 : palp has two articles, 2 nd slightly longer 
than 1 st and curved, terminating in three seta-spines 
and one seta. Outer plate terminates in seven serrated 









176 


T.L. FINSTON, M.S. JOHNSON, S.M. EBERHARD, J.S. COCKING, J.M. MCRAE, S.A. HALSE AND B. KNOTT 


spines. Inner plate terminating in a row of apical seta- 
spines. Left maxilla 2\ consists of two lobes, inner plate 
shorter than outer with weakly pointed apex. Inner plate 
with seven stout apical seta-spines and sparse setules on 
surface. Outer plate with eight stout apical seta-spines 
and a row of long, fine setules along outer margin. Left 
maxilliped : four articles; dactyl long and prominent. 
Inner plate rectangular, with two setae and two stout 
spines. Outer plate bulbous with 11 seta-spines. Lower 
lip : outer lobes sparsely setose at apical margins, inner 
lobes absent. Body, vermiform in shape, coxae highly 
reduced, carapace smooth with little setation. Coxal 
gills on coxae 3-6. First gnathopod: palm well-defined, 
straight with well-defined cutting edge. Edge of palm 
with three stout spines located at outer corner. Inner side 
of palm with four stout teeth near corner. Setal tuft at 
corner containing four setae. Single large robust spine 
sub-marginally. Row of 28 seta-spines along full length 
of blade, #5 very long. Inside margin of post-palm nude. 
Outside edge of blade with 29 seta-spines, #4, 6, 7, 9, 
12, 16, 20, and 25 long. Palm fairly wide but not raised. 
Margin of post-palm nude. Coxa very short, scarcely 
covering base of basis. Basis with two long slender setae 
on apical margin plus two setae sub-marginally at base 
of article. Carpus very short, triangular, embedded in 
base of propus. Second gnathopod : slightly larger than 
gnathopod 1, with well-defined cutting edge. Palm 
triangular in shape, convex at margin. Inside palm with 
1 setal row containing four setae. Inner surface of with 
four stout teeth and one large sub-marginal tooth. 28 
seta-spines in a row at base of blade, # 4, 12, and 20 are 
long. Two short sharp spines at base of blade, not part 
of row. Outer margin with three large spines plus one 
sub-marginal spine. Three rounded projections at corner 
covering the base, inner-most bearing a long seta-spine. 
Pereopods : pereopods 3-7 having little setation, 3-6 
bear coxal gills. Pereopods 5-7 with narrow basipodites. 
Pereopod 7 markedly long. Dactyl is short on pereopod 
3 and 4, intermediate on pereopod 5 and markedly long 
on pereopod 6 and 7. Pereopod 6 and 7 with dense row 
of stout teeth on anterior margin of propus, posterior 
side bare. Oostigites rectangular and slightly rounded 
at corners, possessing fine setae, present on coxae 3-6. 
Uropod 1 : lacking basio-facial spine. Peduncle with 
spines on upper outer margin, inner margin has no 
setation except at inner distal corner where there is one 
large spine. Outer ramus slightly longer than inner. Both 
rami end in long stout spine with smaller spines at base. 
Setation on outer ramus is slender, with two stout setae 
on outer margin of inner ramus and one on inner margin. 
Inner ramus has two medial spines. Uropod 2: inner 
margin of inner ramus with apical robust seta-spines. 
Uropod 3: markedly extended. Inner ramus leaf- shaped, 
1/3 - 1/4 length of outer ramus. Outer ramus has two 
articles, apical article very small. Telson: cleft about 
40%, apices narrow, and roundly pointed. Inner corner 
lacking spination and outer corner with one long seta 
and one (left) or two (right) short spines. 


Male (WAM C45492) 

Head : juvenile. Bore P20d, Ethel Creek. First antenna : 
primary flagellum of 14 articles, peduncle longest 
article, long accessory flagellum of three articles, the 
1 st and 2 nd equally long, 3 rd short; accessory flagellum 
extends to article 3 of the flagellum. Second antenna : 
primary flagellum of six articles, articles 1-3 with 
tongue-shaped calceoli with transverse ridges, peduncle 
lacking calceoli. Right mandible : large palp of three 
articles, 2 nd article largest, 3 rd slightly larger than 1 st . 
Three long setae at end of article 2 plus one long seta, 
which is sub-marginal. 3 rd article with C, D and E 
setae. D setae are long and extend beyond the width of 
the article. Lacinia with serrated edge and a spine row 
plus two sensory setae. Incisor process has three major 
projections; the outer two are bifid. Molar process has 
oval grinding surface with long setae. Right maxilla 1\ 
palp has two articles, 2 nd article terminates in two sharp 
apical teeth and one sub-apical seta-spine. Outer plate 
terminates in seven stout apical teeth, five of which are 
heavily ornamented. Inner plate short, rectangular, and 
nude except for single finger-like spine. Right maxilla 2: 
consists of two lobes. Sparse setules on surface of inner 
plate, terminating in stout spines and lacking plumose 
setae. Outer plate with sparse setation on outer margin 
and terminating in stout spines. Right maxilliped : four 
articles in palp, prominent dactyl. Article 2 largest. Left 
mandible : prominent, with large palp of three articles, 
2 nd being largest both in length and breadth and first 
being the shortest in length. Row of three setae at end 
of article 2. Article 3 has C, D and E setae, E setae 
are mainly small, with two large setae at distal end. 
D setae are long and extend beyond the width of the 
article. Incisor process slightly bifid, with three stout 
teeth. Lacinia is a triangular plate terminating in a 
stout point. Lacina lacking in spurs. Prominent bluntly 
conical molar process with a square grinding surface, 
lacking ridges. Left maxilla 1 : palp has two articles, 
2 nd slightly longer than 1 st , terminating in three seta- 
spines and one seta. Outer plate terminates in seven 
ornamented spines. Inner plate with sparse row of apical 
setules on inner margin plus two non-plumose setae. 
Left maxilla 2\ consists of two lobes. Sparse setules 
on surface of inner plate. Inner plate with stout apical 
teeth and lacking plumose setae. Left maxilliped : four 
articles, 4 th creased tending toward a separation. Inner 
plate rectangular, outer plate bulbous. Lower lip : outer 
lobes sparsely setose at apical margins, inner lobes 
absent. Body, vermiform in shape, coxae highly reduced, 
carapace smooth with little setation. Coxal gills on coxae 
3-6. First gnathopod : palm oblique at corner, cutting 
edge convex. Cutting edge with a row of seta-spines, 
one robust seta located at corner, following margin of 
palm. Coxa very short, scarcely covering base of basis. 
Basis with few spines. Carpus very short, triangular, 
embedded in base of propus. Second gnathopod : slightly 
larger than gnathopod 1. Palm triangular in shape, 
convex at margin. Pereopods : pereopods 3-7 having 
little setation, 3-6 bear coxal gills. Pereopods 5-7 with 
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narrow basipodites. Pereopod 7 markedly long. Two 
penes at inner surface of pereopod 7, which barely 
meet at midline. Uropod 1: lacking basio-facial spine. 
Peduncle with four spines on outer margin, inner margin 
has no setation except at inner distal corner where there 
are two large spines. Outer ramus slightly longer than 
inner. Both rami end in long stout spine with smaller 
spines at base. Setation on outer ramus is slender, with 
two stout setae on outer margin of inner ramus and one 
on inner margin. Inner ramus has two medial spines. 
Uropod 2: inner margin of inner ramus with apical 
robust seta-spines. Uropod 3: markedly extended. Inner 
ramus leaf- shaped, 1/3 - 1/4 length of outer ramus. 
Outer ramus has two articles, apical article very small. 
Telson : cleft about 40%, apices narrow, and roundly 
pointed. Inner corner lacking spination and outer corner 
with one long seta. 

CHARACTER VARIATION 

The number of pinnate or plumose setae on the inner 
ramus of uropod 3 varied from zero to three among 
individuals. The cleftness of the telson varied from 
30-40%. The number of seta spines and long setae on 
the apices of the telson differed among individuals and 
between the left and right on single individuals, but 
were always on the outer margin only. The number of 
seta-spine on the cutting edge of the gnathopods varied 
among individuals. 

DISTRIBUTION 

This species occurs in Ethel Creek in the upper 
Fortescue River drainage, Pilbara, Western Australia. 

ETYMOLOGY 

The species name arises from the location of the 
holotype specimen in Ethel Creek. 

KEY TO PARAMELITIDAE OFTHE PILBARA 

1. Outer ramus of uropod 3 lacking distal article; telson 

entire. Kruptus 

Outer ramus of uropod 3 with distal article; telson 
cleft, generally >15%.2 

2. Prodopus of gnathopods 1 and 2 prominent and much 

larger than carpus; outer ramus of uropod 3 with 
plumose setae; coxae reduced. Maarrka 

Prodopus of gnathopods 1 and 2 small, about the 
size of carpus; outer ramus of uropod 3 lacking 
plumose setae; coxae prominent.3 

3. Calceoli lacking on flagellum of antenna 1 in male; 

coxal gill present on coxa 7; full set of sternal gills 
present. Molina 

Calceoli present on flagellum of antenna 1 in male; 
coxal gill lacking on coxa 7; sternal gills absent or 


present on sternites 6-7 only.4 

4. Sternal gills absent, asthetascs absent on flagellum 
of antenna 1; article 3 of mandibular palp with C 
setae. Pilbarus 

Sternal gills present on sternites 6-7; asthetascs 
present on flagellum of antenna 1; article 3 of 
mandibular palp lacking C setae. Chydaekata 
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A new fossil species of Notocypraea 
(Mollusca: Gastropoda: Cypraeidae) 
from the Roe Plains of Australia 

Dirk Fehse 


Nippeser Strasse 3, 12524 Berlin, Germany. Email: dirk.fehse@rohde-schwarz.com 


ABSTRACT - A new species of fossil Cypraeidae - Notocypraea goudeyi sp. nov. - hitherto overlooked, 
is described from the Bioclastic limestones of the Roe Plains, Madura district, Western Australia. The 
new species differs from all other fossil and recent taxa of the endemic genus Notocypraea Schilder, 
1925 by the columellar denticles extending onto the ventrum. 


KEYWORDS: taxonomy, Western Australia, Pliocene. 


INTRODUCTION 

Recently, Lorenz (2005) revised the living species 
of the cypraeid genus Notocypraea Schilder 1925 on 
his website. He informed me that a comprehensive 
revision on the genus is in preparation. Notocypraea is 
endemic to the temperate waters of southern Australia 
and Tasmania. The fossil record of Notocypraea reaches 
back to the Miocene of Victoria (Schilder, 1935), with 
numerous taxa. For a long time, Pliocene Notocypraea 
from the Roe Plains of Western Australia were not 
considered as distinct taxa. These specimens are usually 
identified as N. angustata (Gmelin, 1791), occasionally 
as N. comptonii (Gray, 1847) or even as N. piperita 
(Gray, 1825). An in-depth examination of a wide range 
of specimens has leaded the author to conclude that there 
are at least two fossil species currently unassignable to 
any recent taxa. The common species has been described 
recently as N. darraghi Fehse, 2010. During the 
preparation of the manuscript only one specimen of the 
second new taxa was available. Therefore, a description 
was postponed. Dr. Felix Lorenz and Mr. Chris Goudey 
made sufficient material available, so that now the 
description of Notocypraea goudeyi sp. nov. is possible. 

Abbreviations of specimen repositories: DFB, 
collection of Dirk Fehse, Berlin, Germany; FL, collection 
of Felix Lorenz, Buseck, Germany; WAM, Western 
Australian Museum, Perth, Australia. 


SYSTEMATICS 

Family Cypraeidae J.E. Gray 1824 
Subfamily Cypraeovulinae Schilder 1925 
Tribe Cypraeovulini Schilder 1925 
Genus Notocypraea Schilder 1925 

TYPE SPECIES 

Cypraea piperita J.E. Gray, 1825, by original 
designation. Recent, Port Lincoln, South Australia. 

DIAGNOSIS 

Notocypraea and Cypraeovula Gray, 1824 are 
closely related according to the molecular systematics 
and they are the only genera within the subfamily 
Cypraeovulinae (Meyer 2003: 410). Both are “endemic 
clades found today in southern Australia and southern 
Africa, respectively” and they are known by their 
intracapsular larval development (Meyer 2003: 425). 
Shells of Notocypraea are Cypraeid-like while they 
are Ovulid-like in Cypraeovula. The dentition in 
Notocypraea is regular and fine with a narrow aperture 
while dentition in Cypraeovula is irregular and coarse 
with a wide aperture. 
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Notocypraea goudeyi sp. nov. 

Figures 1A-P 

2010 Notocypraea sp.; Fehse: pi. 2, fig. 4. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Roe Plains, Madura 
district (WAM 10.31). Bioclastic limestones of the Roe 
Calcarenite, late Pliocene. 

Additional specimens 

Australia: Western Australia: 2 specimens collected 
with the holotype (DFB 5251); 3 specimens, collected 
with the holotype (FL). 

DIAGNOSIS 

Small-sized, somewhat fragile, slightly pyriform, 
with spaced, weak apertural dentition; labral denticles 
continued as short folds onto ventrum; 17-21 columellar 
teeth 1 , 19-23 labral teeth, the latter exceeding usually the 
former; maximum globosity at the posterior third; apex 
covered by callus. 

Notocypraea goudeyi n. sp. differs from N. darraghi 
Fehse, 2010 found in the same area, and all recent 
species of the genus by the columellar teeth extending 
towards the middle of the ventrum. In all other 
Notocypraea, the columellar teeth are restricted to 
the apertural margin and extended only towards 
the columella to form a fossula or a peristome. The 
new species is also distinguished from the recent 
Notocypraea - N. subcarnea (Beddome 1897), N. 
declivis (Sowerby 1870), N. piperita (Gray 1825), N. 
angustata (Gmelin 1791), N. comptonii (Gray 1847), N. 
pulicaria (Reeve 1846) - by the position of the dorsal 
hump situated at the posterior third. 


DESCRIPTION 

Small sized for genus; somewhat fragile, slightly 
pyriform; length exceeds width and height; terminals 
elongated, anterior more than posterior; posterior 
terminal tip deeply indented, anterior tip almost 
blunt; dorsum elevated with submit at posterior third; 
ventrum convex with straight terminals; posterior 
ventral callosity obscured; protoconch and apex 
covered by callus; aperture oblique, almost straight, 
posteriorly curved, of same width over entire length; 
anal and siphonal canals deeply indented, bordered 
by projecting callus; labral denticles 21 in average, 
irregular, weak to moderately strong, spaced, continued 
as weak, short folds onto labrum; columellar denticles 
20 in average, fine, close-set, becoming stronger 
towards fossular section, continued as short folds onto 
ventrum, columella and fossula; inner labral margin 
slightly sinuous, posteriorly curved; outer labral margin 
callused, edged; columella curved, even, narrow, 
tapering steeply inwards; parietal lip slightly callused, 
slightly indented, posteriorly curved; fossula slightly 
concave, very narrow, inner edge slightly protruded; 
terminal ridge strong. 

Coloration not preserved. 

VARIATION 

There are two variations distinguishable by the 
degree of dorsal inflation (compare Table 1 ratio W/L). 
The dentition varies from weak to slightly strong. 
Labral folds and posterior ventral callosity vary in their 
extensions. Labral dentition more or less close-set. 

Dimensions 

Length refers to the greatest anterior/ posterior 
measurement. Width refers to the greatest lateral (left- 
right) measurement with the shell at rest on the ventrum. 
Height refers to the maximum globosity from the 


1 Columellar teeth are counted without terminal ridge 


TABLE 1 Dimensions of Notocypraea goudeyi sp. nov. 


Specimens 
(catalogue nos.) 

Length 
in mm 

Width 
in mm 

Height 
in mm 

Columellar 

teeth 

Labral 

teeth 

W/L 
in % 

WAM 10.31 

16.9 

11.2 

8.9 

21 

19 

66 

DFB 5251-1 

19.5 

13.8 

11.3 

22 

21 

70 

DFB 5251-2 

15.6 

10.5 

8.1 

20 

22 

67 

FL 

17.1 

10.2 

8.4 

22 

23 

60 

FL 

15.6 

9.5 

7.4 

17 

20 

61 

FL 

6.9 

9.9 

7.8 

20 

23 

59 
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FIGURE 1 A-R Notocypraea goudeyi sp. nov. from Roe Plains, Madura district, Western Australia: A-D WAM 10.31, 
holotype, x XX; A left lateral, B dorsal, C right lateral, D ventral. E-G specimen coll. DFB 5251-1, x XX; E 
left lateral, F dorsal, G right lateral, FI ventral. I-L specimen coll. FL, x XX; I left lateral, J dorsal, K right 
lateral, L ventral. M-P specimen coll. DFB 5251-2, x XX; M left lateral, N dorsal, 0 right lateral, P ventral. 
Q-T, Notocypraea darraghi Fehse, 2010 from Roe Plains, Madura district, Western Australia: WAM 10.01, 
holotype, x XX; Q left lateral, R dorsal, S right lateral, T ventral. 
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ventrum through to the dorsal extremity. Columellar 
respectively labral denticles at the anterior and posterior 
end of the parietal respectively labral lip have been 
counted as full teeth. The terminal fold is excluded from 
the columellar teeth. 

ETYMOLOGY 

This species is named in honor of Mr. Chris Goudey 
of Avalon, Victoria, who supplied the type material. 
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New species and new locality records of the 
nematode genus Labiosimplex (Strongylida: 
Chabertiidae) from macropodid marsupials 
in Western Australia 

L.R. Smales 


Parasitology Section, South Australian Museum, North Terrace, Adelaide, 
South Australia 5000, Australia. 


ABSTRACT - Labiosimplex mawsonae sp. nov. is described from the stomach of Macropus irma 
(Jourdan) (type host) from north of Williams, Western Australia. The new species is distinguished from 
all congeners by a combination of characters including the proportions of the lateral lip, the form of 
the bursa and dorsal ray, the length of the spicules and the length of the vagina vera. Labiosimplex 
camporum sp. nov. from the stomach of M. rufus (Desmarest) (type host) and M. robustus Gould from 
the Karratha region, is distinguished from all congeners by a combination of characters including the 
shape of the submedian lips and the form and size of the oesophageo-intestinal diverticula and the 
length of the spicules. Labiosimplex kungi Mawson is reported from Western Australia for the first 
time and new locality records are reported for L. irma Smales, L. occidentalis Smales, L. longispicularis 
Smales and L. thomasae Smales. The patterns of occurrence of species of Labiosimplex within species 
of Macropus suggest both colonization and co speciation may have occurred. 


KEYWORDS: Labiosimplex, new species, Nematoda, Strongylida, Cloacininae, Macropus, Western Australia. 


INTRODUCTION 

The genus Labiosimplex Smales, 2002 
(Labiostrongylinea: Cloacininae: Chabertiidae) 
comprises large stomach worms, parasites of 
macropodid and potoroid marsupials that are found 
throughout Australia, Papuan Indonesia and Papua New 
Guinea. Of the 23 known species of Labiosimplex nine 
have been reported from the five species of Macropus 
that are found in Western Australia. Two of the hosts, 
M. robustus Gould, 1841 and M. rufus (Desmarest, 
1822), are distributed across the continent, two 
Macropus eugenii (Desmarest, 1817), M. fuliginosus 
(Desmarest, 1817) are southern species and the fifth, 
M. irma (Jourdan, 1837) occurrs only in Western 
Australia (Van Dyck and Strahan 2008). Three of the 
nine parasite species L. irma (Smales, 1995) from 
M. irma, L. occidentalis (Smales, 1995) from M. 
fuliginosus and L. thomasae (Smales, 1995) from M. 
eugenii have been found only in Western Australia. A 
fourth species, L. longispicularis (Wood, 1929) was 
first reported in eastern Australia from M. robustus 
and M. rufus and subsequently from M. robustus in 
Western Australia (Wood 1929; Johnston and Mawson, 
1938; Smales, 1995). The remaining five species, L. 
aridus (Smales, 1995) from M. rufus and M. robustus, 
L. kungi (Mawson, 1955), L. major (Smales, 1995) and 
L. laterilabellosus (Smales, 1995) from M. fuliginosus 


and M. giganteus and L. robustus (Smales, 1995) from 
M. robustus, are known only from eastern and central 
Australia (Smales 1995, 2006). 

The nematode parasites of Western Australian 
macropodid species, however, have been studied to 
a much lesser extent than those of eastern Australia 
(Appin et al. 2004). Consequently much more work 
needs to be done to establish the full extent of the 
geographic range of those species presently reported 
only from eastern and central Australia and to determine 
the existence of any additional species occurring only in 
Western Australia. 

In this paper the examination of recent collections 
from the five macropodine hosts found in Western 
Australia has provided further information on the 
geographic distribution of the genus Labiosimplex and 
two new species are described herein. 

METHODS 

Specimens dissected from the stomach of M. rufus 
by R. Martin in 1997 and from the stomachs of M. 
eugenii, M. fuliginosus, M. irma, M. robustus and M. 
rufus collected from Western Australia between 2001 
and 2002 by I. Beveridge, R. Brazelle and S. Middleton 
and from 2004 to 2010 by I. Beveridge were fixed 
in Berland’s fluid or 5% formalin and stored in 70% 
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ethanol prior to examination. Worms were examined 
microscopically after clearing in lactophenol. Spicule 
preparations were made using Berlese’s mountant. 
Drawings were prepared with the aid of a drawing 
tube attached to an Olympus BH microscope. Unless 
otherwise stated measurements, given in pm, are of 
10 specimens presented as the range followed by the 
mean in parentheses. Classification follows Chilton et 
al. 1997 and Smales 2002. Some of this material had 
been registered in the Australian Helminthological 
Collection (AHC) of the South Australian Museum, 
Adelaide (SAMA) but had not been fully identified. 
Type specimens have been deposited in the Western 
Australian Museum (WAM) where required. 

RESULTS 

NEW LOCALITY RECORDS 

The geographic range of the following species has 
been extended to include localities in Western Australia: 

Labiosimplex kungi (Mawson, 1955) from 7 M. 
fuliginosus from Kalgoorlie (30°45’S, 121°27’E), AHC 
32263, AHC 32265, AHC 32266, AHC 32270, Waroona 
(32°50’S, 115°52’E), AHC 33248, AHC 32264 and 105k 
N Williams (32°11’S, 116°52’E), AHC 33010. 

Labiosimplex longispicularis (Wood, 1929) from 2 
M robustus from Yalgoo (28°20’S, 116°41’E), AHC 
32258; from 10 M. rufus from Menzies (29°41’S, 
121°02’E), AHC 45443, AHC 45445, AHC 45447, AHC 
45449, AHC 45453, AHC 45454, Kalgoorlie (30°45’S, 
121°27’E), AHC 32259, AHC 32267, AHC32268, AHC 
32269, AHC and Yalgoo (28°20’S, 116°41’E), AHC 
32262. 

The localities of the following Western Australian 
species have been extended: 

Labiosimplex irma (Smales, 1995) from 6 M. irma 
from between York and Perth (31°53’S, 116°30’E), AHC 
30068, Collie (33°21’S, 116°09’E), AHC 32959, 80 k 
N Williams (32°21’S, 116°52’E), AHC 45778, 95 k N 
Williams (32°14’S, 116°52’E), AHC 33013 and Mt Trio 
(34°20’S, 118°06’E), AHC 33021, 33022. 

Labiosimplex thomasae (Smales, 1995) from M. 
eugenii from the Perup River (34°24’S, 116°25’E), AHC 
32908. 

Labiosimplex occidentalis (Smales, 1995) from 3 L. 
fuliginosus from Manjimup (34°14’S, 116°08’E), AHC 
30088 and 80 k N Williams (32°21’S, 116°52’E), AHC 
45645, AHC 45646. 

Phylum Nematoda 

Family Chabertiidae (Popova, 1952) 
Lichtenfels, 1980 

Genus Labiosimplex Smales, 2002 


Labiosimplex Smales, 2002: 195. 


TYPE SPECIES 

Labiostrongylus australis Kung, 1948, by original 
designation. 


Labiosimplex mawsonae sp. nov. 

Figures 1-17 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, 80 km N. of 
Williams (32°21’S, 116°52’E), 11 December 2008, 
I. Beveridge (WAM V7711). Host: Macropus irma 
(Jourdan, 1837) (Marsupialia: Macropodidae); 
localisation: stomach. 

Allotype 

Australia: Western Australia: $, same data as 
holotype (WAM V7712). 

Paratypes 

Australia: Western Australia: 40 38 $, same data 

as holotype (SAMA AHC 45790, WAM V7713). 

Additional material studied 
Australia: Western Australia: 1 $, Talbot (32 o 01’S, 
116°39‘E), 15 July 1961, W.H. Butler (WAM 18-81 (1)). 
Host: Macropus irma (Jourdan, 1837) (Marsupialia: 
Macropodidae); localisation: leg muscle. 

Prevalence: present in one of six hosts examined 
between 1994 and 2008. 

DIAGNOSIS 

Large robust nematodes; mouth opening surrounded 
by 6 prominent fleshy lips with distinct pulp cavities; 
2 lateral lips, simple, bearing amphids, as long as 
submedian lips: 4 submedian lips, broad at base, bearing 
cephalic papillae on mid region; oesophagus long 
clavate; oesophago-intestinal diverticula large; bursa 
large, lobes clearly delineated; dorsal trunk branching at 
1/2 its length, bifurcating at 2/3 its length; spicules long, 
alate, with curved tips; female tail tapering, conical; 
vulva immediately anterior to anus; vagina vera long, 
sinuous; parasites of macropodid marsupials. 

DESCRIPTION 

Robust nematodes, cuticle with fine transverse 
striations, cephalic extremity with 6 fleshy well 
developed lips with pulp cavities, 4 submedian lips 
ridged, broader at base than distal end, bearing cephalic 
papillae on mid region, lateral lips simple, slender, 
about same length as submedians, bearing amphids. 
Oral opening circular, buccal capsule thick walled, 
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FIGURES 1-17 Labiosimplex mawsonae sp. nov. from Macropus irma: 1, anterior end, male, lateral view; 2, 
cephalic extremity, female, optical section, ventral view; 3, cephalic extremity, female, lateral 
view; 4, spicule, proximal end; 5, lateral lip; 6, cephalic extremity, apical view; 7, spicules, distal 
tips; 8, oesophago-intestinal diverticula; 9, excretory pore; 10, deirid; 11, gubernaculum, ventral 
view; 12, bursa, apical view; 13, ovejector, dissected from body of female; 14, dorsal rays, 
showing extra branchlets; 15, tail tips, female, showing variations; 16, genital cone, dorsal view; 
17, posterior end, female, lateral view. Scale bars: 200 pm (Figures 1, 8, 13, 17); 50 pm (Figures 
2-6, 14-16); 25 pm (Figures 7, 9-11); 100 pm (Figure 12). 
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cylindrical, wider than deep. Oesophagus long, clavate 
about 1/5 -1/5.5 body length. Deirids long, fine, thread 
like, anterior to nerve ring which encircles oesophagus 
at about 1/4 its length. Excretory pore posterior to nerve 
ring. Oesophago-intestinal diverticula large, longer than 
width of oesophagus. 

Male 

Length 22-27 (23.9) mm, width 630 -885 (765). 
Buccal capsule 107-148 (131) wide by 100 -127 (110) 
deep. Nerve ring 940-1155 (1053), deirids 535-705 
(592), excretory pore 1325-1935 (1500) from base of 
lips. Oesophagus 3875-4860 (4520) long. Bursa large, 
ventral lobes separate, dorsal, lateral and ventral lobes 
about same length. Ventro-ventral and latero-ventral 
rays apposed, same length, reaching margin of bursa; 
externo-lateral ray short, not reaching margin of bursa, 
medio-lateral and postero-lateral rays apposed, reaching 
margin of bursa; externo-dorsal arising close to lateral 
trunk, longer than externo-lateral, not reaching margin 
of bursa; dorsal trunk stout, giving off pair of branches 
at about 1/2 its length, bifurcating at 2/3 its length, 
branches reaching margins of bursa. Some specimens 
with additional single or paired branchlets given off the 
dorsal trunk. Spicules 7820-9350 (8390) about 1/3 body 
length, proximal ends irregularly knobbed, distal tips 
curved, alae striated extending to tips. Gubernaculum 
cordate. Genital cone about 1/2 length bursa, anterior 
lip larger, conical, posterior lip smaller, reniform with 
paired bifid appendages. 

Female 

Length 27-33 (30.3) mm, width 815-1120 (995). Buccal 
capsule 148-181 (160.5) wide by 114-141 (127.5) deep. 
Nerve ring 1140-1350 (1233), deirids 555-870 (776), 
excretory pore 1305-1880 (1717) from base of lips. 
Oesophagus 3706-5780 (5238) long. Body narrows at 
level of vulva, tail 1020-1275 (1277) long, tapering to 
blunt tip. Vulva close to anus 1955-2450 (2370) from 
tail tip. Ovejector with vestibule longest, about 280, 
infundibula, about 250, sphincters shortest, about 200. 
Vagina vera slightly sinuous 2380-3060 (2839) long. No 
eggs were found in specimens observed. 

REMARKS 

All the specimens examined conformed to the 
diagnosis of the genus Labiosimplex given by Smales 
(2002). Using the key of Smales (1995) they fell into a 
group of two species, L. clelandi (Johnston & Mawson, 
1939) and L. bancrofti (Johnston & Mawson, 1939), with 
lateral lips as long as the submedian lips and the lobes 
of the bursa separate. Labiosimplex mawsonae sp. nov. 
differs from both L. bancrofti and L. clelandi in the 
length of the spicules, 8390 compared with 5695 and 
6060 respectively, the shape of the gubernaculum, being 
neither subcordate with edges extending proximally 
nor subtriangular, and the shape of the female tail 
tip, having neither an irregular pointed nor knobbed 


tip (Smales 1995). Labiosimplex mawsonae further 
differs from L. bancrofti in the shape of the bursa, the 
dorsal lobe being longer than the lateral lobes in L. 
bancrofti and the form of the dorsal ray, bifurcating 
close to branching in L. mawsonae and proximal to 
branching in L. bancrofti. Female L. mawsonae have a 
longer vagina vera (2839 compared to 2200) than for L. 
bancrofti, and the proportions of the ovejector differ, the 
sphincters being the shortest element in L. mawsonae 
rather than the longest as in L. bancrofti (see Smales 
1995). Labiosimplex mawsonae further differs from 
L. clelandi in the form of the dorsal ray, the distance 
between lateral branching and bifurcation being longer 
in L. clelandi, the longer vagina vera (2839 compared 
with 1830) and the proportions of the ovejector with the 
sphincters the longest element in L. clelandi (Smales 
1995). 

Since 1995 three additional species, L. centralis 
Smales, 2006 from Petrogale lateralis Gould, 1842, 
L. territoriensis Smales, 2006 from M. bernardus 
Rothschild, 1904 both from the Northern Territory and 
L. turnbulli Smales & Chilton, 1997 from M. parryi 
Bennett, 1835 from Queensland, have been described. 
Labiosimplex mawsonae can be readily distinguished 
from L. centralis, which has similar length spicules, 
because L. centralis has no gubernaculum a smaller 
genital cone, asymmetrically tipped spicules, a dorsal 
ray that bifurcates prior to giving off branches and 
a blunt female tail (Smales 2006). Labiosimplex 
territoriensis has shorter spicules (3855) and a shorter 
vagina vera (715) than L. mawsonae (see Smales 
2006). Labiosimplex turnbulli with a similar form of 
the dorsal ray differs from L. mawsonae in having 
shorter spicules (5610-7750 compared with 7820-9350) 
smaller oesophago-intestinal diverticula, shorter deirids, 
smaller genital cone, longer dorsal lobe of the bursa, 
asymmetrical spicule tips, and differing proportions 
of the ovejector, the sphincters being the longest 
element (Smales & Chilton 1997). The occasional 
finding of additional branchlets on the dorsal ray as in 

L. mawsonae has also been noted in L. centralis (see 
Smales, 2006). 

The most likely explanation for finding a single 
female labiostrongylin in the leg muscle of a macropod 
host, the specimen from Talbot, is that an error occurred 
during the dissection or labeling process. Adult 
filarioids may be found associated with leg muscle but 
never strongyloids. 

In the material examined for this study L. mawsonae 
was found in a mixed infection with L. irma Smales, 
1995 the only other labiostrongylin also known from 

M. irma. It can readily be distinguished from L. irma, 
however, by longer spicules (8397 compared with 5215), 
the shape of the bursa, the form of the dorsal ray, the 
form of the appendages on the genital cone, a longer 
female tail and shorter vagina vera (Smales 1995). 
Neither parasite species has been found in sympatric 
populations of the congeners of their host, M. irma. 
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Labiosimplex camporum sp. nov. 

Figures 18-33 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: 8, Menzies (29°41’S, 
121°02’E), 22 November 2008, I. Beveridge (WAM 
V7706). Host: Macropus rufus (Desmarest, 1822) 
(Marsupialia: Macropodidae); localisation: stomach. 

Allotype 

Australia: Western Australia: same data as 

holotype (WAM V7707). 

Paratypes 

Australia: Western Australia: 4 8, 12 same data 
as holotype (WAM V7708; SAMA AHC 45446). 

Additional material studied 

Australia: Western Australia: 10 8, 19 9 ? same data 
as holotype (SAMA AHC 45444, AHC 45448, AHC 
45450, AHC 45451, AHC 45452); 1 & 11 9, Karratha 
(20°53’S, 116°40’E), 7 August 1995, R. Martin (AHC 
30519); 1 8, 1 $, 15 km S. of Roebourne (20°45’S, 
116°59’E), 1 p. 21 km N. of Roebourne (20°53’S, 
116°40’E), 2 5, 10 km N. of Fortescue River Roadhouse 
(21°11’S, 116°12’E), 2 9 , 22 km N. of Fortescue River 
Roadhouse (21°08’S, 116°13’E); 12 $, 32 km N. of 
Fortescue River Roadhouse (21°01’S, 116 o 20’E); 3 8, 12 
9, 47 km N. of Fortescue River Roadhouse (20°58’S, 
116 0 23’E); 1 8 , 2 $, 50 km N. of Fortescue River 
Roadhouse (20°57’S, 116°26’E); 1 8 9 1 9 , 65 km N. of 
Fortescue River Roadhouse (20°52’S, 116°32’E); 21 8, 
12 9, 84 km N. of Fortescue River Roadhouse (20°48’S, 
116°44’E); 4-8 June 2010, I. Beveridge (AHC 45796, 
AHC 45797 AHC 45800, AHC 45801 AHC 45802, AHC 
45803, AHC 45804, AHC 45805, AHC 45806). Host M. 
rufus; localisation: stomach. 

23 8, 14 9s 27 km N. of Fortescue River Roadhouse 
(21°04’S, 116°15’E), 2 9, 57 km N. of Whim Creek 
(20°40’S, 118°21’E), 4-5 June 2010, I. Beveridge (AHC 
45798, AHC 45799). Host M. robustus; localisation: 
stomach. 

Prevalence: present in 9 of 10 M. rufus and 2 of 12 M. 
robustus from the Karratha region of Western Australia 
examined in 2010. 

DIAGNOSIS 

Very large robust nematodes; mouth opening 
surrounded by 6 prominent fleshy lips with distinct 
pulp cavities; 2 lateral lips, simple, bearing amphids, 
shorter than submedian lips; 4 submedian lips broadest 
proximally, bearing cephalic papillae on mid region; 
oesophagus long clavate; oesophago-intestinal 
diverticula medium sized, complexly bilobed; bursal 
lobes clearly delineated; dorsal trunk branching at 1/2 
its length, bifurcating at or posterior to branching; 
spicules long, alate, with blunt tips; female tail tapering, 
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blunt, conical; vulva immediately anterior to anus; 
vagina vera slightly sinuous; parasites of macropodid 
marsupials. 

DESCRIPTION 

Very large robust nematodes, grayish white when 
living, cuticle with fine transverse striations, cephalic 
extremity with 6 fleshy well developed lips with 
pulp cavities, 4 submedian lips ridged, as broad or 
broader at anterior end than base, bearing cephalic 
papillae on mid region, lateral lips simple, shorter than 
submedians, bearing amphids. Oral opening circular, 
buccal capsule very thick walled, cylindrical, wider 
than deep. Oesophagus long, clavate about 1/3.5 -1/5 
body length. Deirids short, thread like, anterior to nerve 
ring encircling oesophagus at about 1/5-1/6 its length. 
Excretory pore posterior to nerve ring. Oesophago- 
intestinal diverticula complexly bilobed, medium sized, 
about as long as width of oesophagus. 

Male 

Fength 38-60 (45) mm, width 850 -1190 (985). Buccal 
capsule 87-114 (104) wide by 80 -121 (105) deep. Nerve 
ring 1507-1955 (1673), deirids 837-1407 (993), excretory 
pore 2040-2720 (2288) from base of lips. Oesophagus 
7140-13260 (8590) long. Bursa large, ventral lobes 
separate, lateral lobes longer. Ventro-ventral and latero- 
ventral rays apposed, same length, reaching margin of 
bursa; externo-lateral ray short, not reaching margin of 
bursa, medio-lateral and postero-lateral rays apposed, 
reaching margin of bursa; externo-dorsal arising close 
to lateral trunk, longer than externo-lateral, not reaching 
margin of bursa; dorsal trunk stout, bifurcating at about 
1/2 its length, branching soon thereafter, branches not 
reaching margin of bursa. Spicules 6120-6970 (6559) 
about 1/7 body length, proximal ends irregularly 
knobbed, distal tips slightly curved, may be crossed, 
alae striated extending to tips. Gubernaculum more 
or less sub cordate. Genital cone about 1/3 length 
bursa, anterior lip larger, conical, posterior lip smaller, 
reniform with paired irregularly multi-lobed appendages. 

Female (measurements of 15 specimens) 

Fength 55-120 (80) mm, width 1615-3000 (1940). 
Buccal capsule 134-248 (176) wide by 101-174 (138) 
deep. Nerve ring 1649-2805 (2123), deirids 771-1474 
(1180), excretory pore 2176-3698 (2629) from base 
of lips. Oesophagus 8500-17000 (12580) long. Body 
narrows at level of vulva, tail 935-1683 (1484) long, 
tapering to blunt tip. Vulva close to anus 2006-4403 
(3160) from tail tip. Ovejector with vestibule 450, 500 
and infundibula 350, 530, about same length, sphincters 
longest, 550, 650. Vagina vera slightly sinuous 1360- 
2550 (2102) long. Eggs thin shelled, ellipsoidal 167-188 
(178) long by 74-81 (78.4) wide. 

REMARKS 

All the specimens examined conformed to the 
diagnosis of the genus Labiosimplex given by Smales 
(2002). Some variability was noted in the shape of the 
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cephalic extremity, male, dorso-ventral view; 20, cephalic extremity, female, optical section, 
lateral view; 21, proximal end; 22, lateral lip, female; 23, cephalic extremity, apical view; 24, 
spicules, distal tips; 25, oesophago-intestinal diverticula; 26, deirid; 27, gubernaculums, dorsal 
view, showing variations; 28, submedian lip, male; 29, dorsal ray; 30, bursa, apical view; 31, 
ovejector, dissected from body of female; 32, genital cone, dorsal view; 33, posterior end, female, 
lateral view; 34, tail tips, female, showing variations. Scale bars: 500 pm (Figures 18, 25); 100 pm 
(Figures 19, 20, 22, 23, 33); 50 pm (Figures 21, 24, 27, 28, 29, 32, 34); 25 pm (Figure 26); 200 pm 
(Figures 30, 31). 
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gubernaculum (fig 27) and the position of the branches 
of the dorsal ray relative to its bifurcation (figs 29, 
30) but there were no consistent differences between 
specimens collected from the same host or from 
different hosts, neither conspecifics nor congenerics. 
Using the key of Smales (1995) the worms came close 
to either L. aridus, with flaps on the distal ends of the 
lips, but with vestigial oesophago-intestinal diverticula 
also occurring in M. rufus, or L. robustus with a pair of 
irregularly multi lobed appendages on the posterior lip 
of the genital cone but with spicules shorter than 6000, 
occurring in M. robustus. Labiosimplex camporum sp. 
nov., although having submedian lips broadest distally, 
is a much larger worm than L. aridus with females 
up to 120 mm long compared with 30 mm long and 
has medium sized oesophago-intestinal diverticlua. 
Labiosimplex camporum further differs from L. aridus 
in spicule length, 6120-6970 compared with 5200-5800, 
vagina vera length, 1360-2550 compared with 620, and 
the morphology of the genital cone (Smales 1995). The 
submedian lips of L. camporum are broader distally 
than those of L. robustus and the oesophago-intestinal 
diverticula are smaller and more complex than those of 
L. robustus. Further, L. camporum has longer spicules 
than L. robustus (4300-5500 compared with 6120-6970), 
a longer vagina vera (1360-2250 compared with 1000- 
1400) and smaller eggs (167-178 by 74-81) compared 
with 215-275 by 70-90). The form of the ovejector with 
vestibule and infundibula about the same length as 
compared with the vestibule the smallest element also 
distinguishes L. camporum from L. robustus (Smales 
2006). 

The three species of Labiosimplex described since 
1995 are all much smaller worms than L. camporum 
and neither L. arnhemensis, L. centralis nor L. turnbulli 
have either sub median lips or oesophago-intestinal 
diverticula with the morphology found in L. camporum 
(see Smales 2006; Smales and Chilton 1997). They can 
be further distinguished as follows: L. arnhemensis has 
shorter spicules (4080-4760 compared with 6120-6790) 
and vagina vera (935-1615 compared with 1360-2250); 
L. centralis is lacking a gubernaculum and has simple 
bifid appendages on the posterior lip of the genital cone; 

L. turnbulli differs in the morphology of the dorsal ray, 
branching prior to bifurcation and the genital cone, 
with simple bifid appendages on the posterior lip, has 
asymmetrical spicule tips a sinuous vagina vera and 
shorter eggs (150-162 by 85-95 compared with 167-178 
by 74-81). 

The only other species of Labiosimplex known from 

M. rufus and M. robustus, L. longispicularis, has been 
found in this study in the same localities in Western 
Australia as L. camporum. The two species can be 
easily distinguished by the length of spicule, 6120- 
6970 compared withl0500-14000, the morphology of 
the spicule tips, asymmetrical in L. longispicularis, 
the form of the dorsal ray, branching at about the level 
of bifurcation for L. camporum, prior to bifurcation 
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in L. longispicularis, the form the appendages on 
the posterior lip of the genital cone, complex for L. 
camporum, bifid for L. longispicularis, the shape of the 
female tail, shorter and more blunt in L. camporum and 
the length of the vagina vera, 1360-2550 compared with 
2600-4000 forZ. longispicularis. 

Labiosimplex camporum has been found only in hosts 
collected from the Karratha region of Western Australia 
and not in more southern localities. This suggests that its 
geographic distribution may be limited to more northern 
populations of M. rufus and M. robustus. The much 
higher prevalence in M. rufus suggests that infections 
in M. robustus may represent occasional events in hosts 
that are in sympatry with M. rufus. 

DISCUSSION 

The findings from this study indicate that L. kungi 
and L. longispicularis have a continental distribution, 
occurring in association with populations of M. 
rufus, M. robustus and M. fuliginosus. By contrast L. 
occidentalis is restricted to western and L. major and 

L. laterilabellosus restricted to eastern populations of 

M. fuliginosus. Similarly, L. camporum is restricted to 
western populations of M. rufus and M. robustus and L. 
aridus to central and eastern populations of M. rufus. 

As has been noted for other cloacinine nematodes the 
patterns that best describe host parasite relationships 
between Labiosimplex and its macropodid hosts 
may encompass both colonization and co speciation 
processes (Beveridge and Chilton 2001). For example 

L. longispicularis occurs in both M. fuliginosus and 

M. rufus, a possible colonization event. By contrast 
the occurrence of L. camporum in western populations 
and L. aridus in central and eastern populations of M. 
rufus suggests a co speciation event. A low prevalence 
of L. camporum in those western populations of M. 
robustus that are in sympatry with M. rufus suggests 
occasional infection events. The finding of two 
species of Labiosimplex in populations of M. irma 
may be indicative of co speciation within disjunct host 
populations. 

More sampling throughout the range of each of the 
host species is needed before any putative distribution 
and diversification patterns of these parasites can be 
confirmed. 
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ABSTRACT - A new monotypic genus of orb-weaving spider (Araneidae Clerck, 1758) within the 
subfamily Araneinae Clerck, 1758 is established: Lariniophora, with L. ragnhildae (Strand, 1917) as 
type and sole species. The somatic morphology of Lariniophora is similar to Larinia Simon, 1874 and 
allied genera, however, their genitalia differ considerably. A phylogenetic analysis established close 
a relationship between Lariniophora and Eriophora Simon, 1864 with which it shares a paramedian 
apophysis as a long basal extension of the conductor in the male pedipalp. The epigyne is unique 
within the Araneidae and is composed of an elevated plate and a narrow long scape. Specimens of 
L. ragnhildae have mainly been found in arid regions of Western Australia but also in the Northern 
Territory, Queensland, and South Australia. Here these spiders built a conventional orb-web in low 
shrubs and grassland. Mature spiders have been found between February and October suggesting 
reproductive activity in winter. 


KEYWORDS: Eriophora, taxonomy, paramedian apophysis, coxal hook clade. 


INTRODUCTION 

With some 2,800 species in 166 genera, orb-weaving 
spiders (family Araneidae Clerck, 1758) represent one of 
the largest spider families world-wide (Platnick 2010). 
The subfamily Araneinae Clerck, 1758, which forms 
one of two major clades of the Araneidae in addition 
to an ‘argiopoid clade’, is the most speciose subfamily 
(Scharff and Coddington 1997). Araneinae contain the 
‘typical’ orb-weaving spiders: largely nocturnal, active 
and fast predators and spinners of conventional orb- 
webs. During the day, they usually rest in a camouflaged 
retreat away from the hub (Scharff and Coddington 
1997). 

Despite their omnipresence throughout the country, 
the taxonomic and systematic knowledge of Australian 
Araneinae is rudimentary. Some 150 species are 
described with about two thirds of these currently 
misplaced in the ‘dump’ genus Araneus Clerck, 1758. 
Some taxonomic work has recently been published on 
the Australian Araneinae (Framenau and Scharff 2008; 
Framenau et al. 2010a; Smith and Levi 2010) and other 
orb-weaver subfamilies of the region (Smith 2006; 
Framenau 2008; Harmer and Framenau 2008; Framenau 


and Scharff 2009; Framenau et al. 2009, 2010b). 
However, the most recent key to the genera of eight 
families of Australian Orbiculariae is more than 15 years 
old and only allows a generic level identification of some 
Araneidae, including 11 genera of Araneinae (Davies 
1988). Due to a lack of detailed taxonomic studies, the 
key does not provide any further aid in the identification 
of the almost 100 Australian species of Araneus, which 
were represented by only a single species, Araneus 
eburnus (Keyserling, 1886). At the same time Davies 
(1988) acknowledged the misplacement of Australian 
Araneus as the many local species within this genus 
have a paramedian apophysis on the male pedipalp 
(absent in true Araneus) and a single tibial spine on the 
pedipalp (two spines in Araneus) (e.g. Levi 1991). 

A recent revision of Australian orb-weaving spider 
genera with affinities to Larinia Simon, 1874 as part 
of a comprehensive revision of Australian Araneinae 
(Framenau and Scharff 2008), revealed a species 
with very similar, “larinoid” somatic morphology, i.e. 
elongated carapace and abdomen and overall greenish 
colouration, in Australian museum collections, which 
was frequently misidentified as Larinia. However, 
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genital morphology of this species is considerably 
different to Larinia and allied genera (e.g. Grasshoff 
1970, Harrod et al. 1991). The male pedipalp has a 
paramedian apophysis as a long basal extension of the 
conductor suggesting close affinities with Eriophora 
Simon, 1864 or Verrucosa McCook, 1888 (e.g. Levi 
1970, 1976, 1985). Some of the most common Australian 
orb-weaving spiders are currently listed in the genus 
Eriophora (e.g. Davies, 1980); however, recent molecular 
studies have shown that Australasian representatives of 
this genus are not immediately related to E. ravilla (C.L. 
Koch, 1844), the type species of the genus (Framenau et 
al. 2010a; T.A. Blackledge unpublished data). 

Hogg (1898) described Epeira gracilis, a Larinia- 
like orb-weaving spider collected during the Horn 
Expedition to Central Australia (e.g. Spencer 1896). 
Later, this species received a replacement name, 
Araneus ragnhildae Strand, 1917, as Epeira ( =Araneus ) 
gracilis was preoccupied three times (e.g. Bonnet 1955). 
The holotype of E. gracilis Hogg, lodged in the Museum 
Victoria, is a penultimate male and an accurate species 
identification remained impossible before the exhaustive 
revision of Australian species with “larinoid” somatic 
morphology (e.g. Framenau and Scharff 2008). 

The aim of this study is to establish a new genus, 
Lariniophora, to accommodate L. ragnhildae comb, 
nov. as the type and only species. Its systematic position 
within the Araneidae and its affinities to Larinia, 
Eriophora and Verrucosa are tested by adding it to an 
updated morphological phylogeny of orb-web spiders 
(Scharff and Coddington 1997). 

MATERIAL AND METHODS 

MORPHOLOGY 

This review is based on an exhaustive examination 
of Australian museum collections as well as most type 
material of Australian Araneidae deposited overseas. 
Descriptions are based on specimens preserved in 70% 
ethanol. A male pedipalp was repeatedly soaked in 
10% KOH and subsequently transferred into distilled 
water until complete expansion was achieved to explore 
morphology and topology of sclerites. A female epigyne 
was prepared for internal examination by submersion in 
10% KOH for ca. 2 hours. For clarity, the illustrations of 
male pedipalps and female epigynes omit non-diagnostic 
setae. 

Images were taken with a Leica DFC500 digital 
camera that that was attached to a Leica MZ16A stereo 
microscope. Photographs were taken in different focal 
planes (ca. 70 images) and combined with the Leica 
Application Suite version 2.5.0R1. 


PHYLOGENY 

Scharff and Coddington (1997) presented a 
comprehensive, albeit admittedly preliminary, cladistic 
analysis at the tribal and subfamily level of 57 genera 
of orb-web spiders from the family Araneidae and 13 
outgroup terminals (70 taxa in total). This analysis 
was based on 82 characters, 73 morphological and 9 
behavioural (data matrix available from TreeBASE 
(www.treebase.org; verified 18 February 2009). Some 
codings within the Nephilidae were amended here 
following Kuntner (2006, 2007) and Kuntner et al. 
(2008): character 40 (sustentaculum: coded (1) present 
instead of (0) absent for Nephila and Nephilengys)', 
character 41 (carapace: coded (0) hirsute instead of (1) 
glabrous for Nephila)', character 50 (lateral and median 
eyes separation: coded (1) wide instead of (0) narrow for 
both Nephila and Nephilengys)', character 51 (posterior 
median eyes with canoe tapetum: coded (0) absent 
instead of (1) present for Nephilengys). 

Lariniophora was subjected to an analysis based on 
this amended data matrix resulting in 71 terminal taxa. 
Coding followed the methods described in Scharff 
and Coddington (1997) and was straightforward for 
most characters of Lariniophora. A justification of the 
character coding can be found in the descriptive part 
of the genus within the taxonomic section of this study 
below. 

The phylogenetic analysis was performed with TNT 
version 1.1 (Goloboff et al. 2003). I used the “Traditional 
Search” option with number of replicates (‘repls’) = 
100, ‘trees to save per replications’ = 10,000 (with 
the maximum trees in memory set to 1,000,000), and 
‘collapse trees after the search’ to exclude unsupported 
dichotomous trees. Suboptimal trees (shorter than 
minimal trees) were discarded. Trees were illustrated 
using WinClada vers. 1.00.08 (Nixon 2002). 

ABBREVIATIONS 

Morphology: AL (AW), abdomen length (width); 
ALE (AME) anterior lateral (median) eyes; CL (CW), 
carapace length (width); PLE (PME), posterior lateral 
(median) eyes; TL, total length. 

Collections: AM, Australian Museum, Sydney 
(Australia); QM, Queensland Museum, Brisbane 
(Australia); NMV, Museum Victoria, Melbourne 
(Australia); SAM, South Australian Museum, Adelaide 
(Australia); WAM, Western Australian Museum, Perth 
(Australia); ZMUC, Zoological Museum, University of 
Copenhagen (Denmark). 

RESULTS 

Only a single species of Lariniophora was found 
despite an exhaustive examination of all available 
araneid material in Australian collections and significant 
collections overseas (including the museums in London, 
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Berlin and Hamburg); a total of almost 10,000 records 
of Australian Araneinae was identified as part of the 
current revision of Australian Araneinae (VWF and 
N. Scharff, unpublished data). Based on somatic and 
morphological characters, L. ragnhildae cannot be 
placed in any currently known orb-web spider genus (for 
Australia see Davies 1988 and more recent studies listed 
above), nor in any of the many currently recognised 
undescribed genera of this continent justifying the 
establishment of a monotypic genus. 

PHYLOGENY 

Lariniophora scored as follows in Scharff and 
Coddington’s (1997) morphological data matrix 
(“-”= inapplicable): 0111110000|0000011110|- 
100000110|0011001011|0000100010|110000- 
000|0001000100|2101000000|00. The phylogenetic 
analysis in TNT found 144 trees of minimum length 
1 = 288 in only 17 out of 100 runs suggesting a high 
level of character conflict as already reported from 
the original analysis (Scharff and Coddington 1997). 
The strict consensus tree (1 = 358, Cl = 27, RI = 66) 
collapsed 18 nodes, including the basal nodes of 
Scharff and Coddington’s (1997) original “clade 53” 
that included Eriophora and Verrucosa in addition to 
Cyclosa Menge, 1866 and Araniella Chamberlin and 
Ivie, 1942 (Figure 1). However, Lariniophora grouped in 
a clade with Eriophora in the strict consensus topology 
(Figure 1). 

Characters supporting the sister group relationship 
of Lariniophora and Eriophora included the presence 
of strong macrosetae on tibia II in males (character 2), 
the presence of a paramedian apophysis (character 18), 
the presence of a stipes (character 19), the elongated 
scape (character 29) and the number of trichobothria on 
metatarsus IV (character 37), although all of these were 
homoplasious within the framework of this analysis. 

DISCUSSION 

The phylogenetic analysis of the Araneidae by 
Scharff and Coddington (1997) must be regarded as 
preliminary, however it provides a very good starting 
point for exploring intergeneric relationships and 
subfamily affinities of the Araneidae. The inclusion of 
Lariniophora to this analysis incontrovertibly showed 
that this genus, despite somatic similarities, is not 
related to Larinia and allied genera, but is more closely 
related to Eriophora. The sister group relationship of 
Lariniophora and Eriophora within the scope of the 
analysis is supported by mainly genitalic characters 
including the presence of a paramedian apophysis 
(character 18). However, coding this character and the 
presence/absence of a proximal lobe of the conductor 
(character 8) provided some problems. The paramedian 


apophysis (originally named in Eriophora by Comstock 
(1910)) clearly originates at the base of the conductor 
both in Lariniophora and Eriophora and therefore both 
characters could be regarded equivalent. Levi (1976) 
had already suggested that the paramedian apophysis 
is fused proximally to the conductor in Verrucosa 
and other genera (Levi 1976, 1985), but Scharff and 
Coddington (1997) coded a paramedian apophysis in 
Verrucosa as absent. Scharff and Coddington (1997) 
also noted substantial homoplasy for both characters 
and stated (p. 411): “Without commenting on its relation 
to the paramedian apophysis, one can see (...) that even 
as an independent character, ‘conductor with lobe’ 
contains relatively little phylogenetic information.” It 
is far beyond the scope of this study to solve homology 
hypotheses for the paramedian apophysis in Araneidae. 
In respect to characters 8 and 18, I have here coded 
Lariniophora as Eriophora in Scharff and Coddington’s 
(1997) character matrix based on a detailed examination 
of the male pedipalp in both genera (2S, 3$, Eriophora 
ravilla, WAM T77436-T77440, examined). 

In a similar phylogenetic analysis based on Scharff 
and Coddington’s (1997) data matrix, representatives 
of the Australasian orb-weaving spider genus 
Backobourkia Framenau, Duperre, Blackledge and 
Vink 2010 were placed, like Lariniophora, in a clade 
with Eriophora and Verrucosa (Framenau et al. 2010a), 
apparently supporting the former placement of these 
spiders in Eriophora (e.g. Court and Forster 1988). 
In contrast, a molecular analysis based on a fragment 
of the mitochondrial gene cytochrome c oxidase 
subunit 1 (COI) data clearly supported Backobourkia 
as member of a clade of other Australasian genera 
with vastly different morphology, such as Anepsion 
Strand, 1929 and Novakiella Court and Forster, 1993 
(Framenau et al. 2010a) and not immediately related 
to Eriophora (represented by the type species of 
Eriophora, E. ravilla). Morphological synapomorphies 
of Backobourkia that were not considered in Scharff 
and Coddington’s (1997) analysis supported the validity 
of the genus and illustrated the preliminary nature of 
the dataset with respect to Australasian Araneinae. 
Likewise, although Lariniophora is placed in a clade 
with Eriophora in the current analysis based on Scharff 
and Coddington’s (1997) dataset, somatic and genitalic 
characters are vastly different to true Eriophora and 
other “eriophorine” genera justifying the establishment 
of a new genus. 

The holotype of Epeira gracilis, here reviewed as L. 
ragnhildae, is an immature male and it is difficult to 
undoubtedly identify this specimen taking the somatic 
similarities of this species with true Larinia into 
account (e.g. Framenau and Scharff 2008). However, 
the distribution of L. ragnhildae supports the identity 
of this species as proposed here. In Australia, true 


194 


V.W. FRAMENAU 


2 



FIGURE 1 Systematic position (strict consensus tree) of Larinophora added to the phylogenetic analysis of 

Scharff and Coddington (1997). Illustrated are only the Araneinae ("clade 41" of Scharff and Cod- 
dington (1997)). Open circles denote homoplasious character changes, full circles denote non-ho- 
moplasious character changes. Numbers above characters changes refer to the original numbering 
in Scharff and Coddington (1997), numbers below indicate character state change. 
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Larinia are generally found along the coast with only 
Larinia phthisica (L. Koch, 1871) recorded from a 
single locality in the arid centre in South Australia 
(Framenau and Scharff 2008). In contrast, L. ragnhildae 
is mainly found in the arid zone (Figure 10), including 
records close to the type locality of Epeira gracilis in 
the Northern Territory. This leaves little doubt that L. 
ragnhildae is the species reviewed here, providing a 
taxonomic solution for the immature type that avoids 
the designation of Araneus ragnhildae as nomen dubium 
and the description of a new species almost certainly 
named before. 

TAXOMOMY 

Family Araneidae Clerck, 1758 
Subfamily Araneinae Clerck, 1758 
Lariniophora gen. nov. 


TYPE SPECIES 

Araneus ragnhildae Strand, 1917 (replacement name 
for Epeira gracilis Hogg, 1898). 

DIAGNOSIS 

Lariniophora belongs to the “coxal hook clade” within 
the orb-web spider subfamily Araneinae (see Scharff and 
Coddington 1997). Based on the phylogenetic analysis 
above, it has closest affinities to the genus Eriophora 
(e.g. Levi 1970), but differs distinctly by a combination 
of somatic and genitalic characters. In contrast to 
Eriophora (including Australian species currently 
placed in Eriophora , E. biapicata (L. Koch, 1871), 
E. transmarina (Keyserling, 1865) and E. pustulosa 
(Walckenaer, 1842)), Lariniophora are orb-web spiders 
with an elongated, narrow abdomen which is at least 
twice as long as wide, whereas it is less than 1.5x as long 
as wide in Eriophora (Levi 1970; Davies 1980; Court 
and Forster 1988). The abdomen of Lariniophora lacks 
any tubercles, which are prominent in the anterolateral 
region of the abdomen in Eriophora. Eriophora 
pustulosa has additional postero-dorsal tubercles above 
the spinnerets (e.g. Court and Forster 1988). The median 
apophysis is much shorter in Lariniophora than in 
any Eriophora and carries a weakly branched process 
centrally that is lacking in the latter. The structure of 
the female epigyne differs from that of Eriophora by the 
presence of an elevated plate (Figures 6-8). 

Male Lariniophora differ from Larinia in, amongst 
other features, the presence of a paramedian apophysis 
in the male pedipalp (lacking in Larinia ), the presence 
of a single strong macroseta on the pedipalp patella 
(two macrosetae in Larinia ), and the inflated terminal 
apophysis (lamellar in Larinia ) (e.g. Framenau and 
Scharff 2008). Female Lariniophora have an elevated 


epigyne plate (not elevated in Larinia ); the epigyne of 
Lariniophora is slightly longer than wide with a narrow 
scape, whereas it is much wider than long in Larinia 
with a broad scape that has a terminal pocket (e.g. 
Framenau and Scharff 2008). 

DESCRIPTION 

(Numbering in square brackets refers to the characters 
of Scharff and Coddington’s (1997) phylogenetic 
analysis. For example, “[28:1]” refers to character 28 and 
was coded with character state 1.) 

Medium-sized (TL ca. 4-8mm), elongated orb-web 
spiders, males of similar size as females [61:0]. Carapace 
longer than wide [42:0; 47:0; 48:0], pear-shaped [43:0], 
with cephalic region relatively narrower in males than 
in females; surface glabrous but with some white setae 
mainly in cephalic region [41:0]. Fovea longitudinal in 
males, a roundish pit in females that somewhat extends 
anteriorly. Anterior median eyes largest, their row wider 
that that of posterior median eyes [49:1], row of posterior 
eyes recurved [54:0]; lateral eyes touching and only 
a narrow distance from median eyes [50:0]; posterior 
median eyes with narrow, canoe-shaped tapetum [51:1; 
52:1]. Sternum longer than wide, glabrous, with only 
few setae. Labium wider than long. Endites of male 
with lateral tooth [45:1]. Chelicerae relatively weak, 
in particular in males [44:0]; 2 (males) or 3 (females) 
promarginal teeth, 1 (males) or 2 (females) retrolateral 
teeth. Leg formula I>IV>II>III (males) or I>II>IV>III 
(females); tibiae II of males darker and stronger than 
tibiae I and with heavier spination [1:0; 2:1]; coxae I of 
males with hook [33:1; 34:1], one normal macroseta on 
coxae IV in males [32:0]. Abdomen much longer than 
wide [59:0; 60:0], extends posteriorly beyond spinnerets, 
without specialised setae, sigillae, condyles or other 
specific structures [55:0; 56:0; 57:-; 58:0; 60:0; 65:0; 66:0; 
67:1]. 

Cribellum and paracribellum absent [68:1; 71:2]; 
anterior spinneret piriform bases normal [69:0], the 
piriform spinning field fully developed [70:0]; posterior 
median spinneret ampullate nubbins and aciniform 
brushes present [72:1; 73:1]. 

Male pedipalp femora with tubercle [3:1] and patellae 
with one strong macroseta [4:1]. Paracymbium simple 
and rounded [6:1]. Conductor large ovoid with basal 
hook that rests beside the short and stout embolus [8:0; 
9:0] (Figures 4-5, 9). Median apophysis comparatively 
short, with a basal arch over the radix margin and a 
central, weakly branched process [10:0; 11:0; 12:0; 
13:0; 14:0; 15:0]. Radix [16:1], distal haematodocha 
[17:1] and stipes [19:1] present. Paramedian apophysis 
present [18:1], its end oval-shaped and truncated apically. 
Subterminal apophysis absent [20:0; 21:-]. Terminal 
apophysis large bubble-shaped with pointed tip [22:1]. 
Embolus short and stout, without cap [23:0] and oriented 
in clockwise direction [24:0]. 

Female epigyne strongly sclerotised, the plate elevated 
from the abdomen [25:0; 26:0] (Figures 6-8). Scape 
weak, much longer than wide and armed with few 
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setae [28:1; 29:1; 30:0; 31:0]. Copulatory openings near 
anterior end of the epigynal plate. Sperm-ducts form the 
shape of a lyre; spermathecae spherical. 

The web-building behaviour of Lariniophora has 
not been observed as part of this study but anecdotal 
evidence taken from labels with museum specimens 
suggest the construction of a conventional orb-web, as 
which the behaviour was coded here [74:1; 75:0; 76:0; 
77:0; 78:0; 79:0; 80:0; 81:0; 82:0]. 

ETYMOLOGY 

The generic name is a compound noun constructed 
from two araneid genera with which the genus shares 
morphological similarities, Larinia and Eriophora. The 
gender is feminine. 


Lariniophora ragnhildae (Strand 1917) 
comb. nov. 

Figures 1-2, 4-10 

Epeira gracilis Hogg, 1896: 311, 317-318, plate 24, fig. 2 
(preoccupied by Epeira gracilis Walckenaer, 1805, 
Epeira gracilis Keyserling, 1865 and Epeira gracilis 
Menge, 1879). 

Araneus gracilis (Hogg): Rainbow, 1911: 186. 

Aranea ragnhildae Strand, 1917: 71 (replacement name 
for Epeira gracilis Hogg 1896); Roewer, 1942: 832. 
Araneus ragnhildae Strand: Bonnet, 1955: 580-581. 

MATERIAL EXAMINED 

Holotype 

Australia: Northern Territory: Penultimate g, 
labelled “Rudalls Creek” [23°50'S, 132°25'E, Northern 
Territory], Horn Expedition, 1894 (NMV K932). 

Other material examined 

Australia: Northern Territory: 1 g, 1 E of Tempe 
Downs, 24°26'S, 132°44"E (SAM NN26674-5); 1 ?, 
Uluru National Park, 29 km ESE. of Uluru, 25°20’50”S, 
131°21’26”E (AM KS59133). Queensland: 1 g, 40 
km N. of Noccundra, 27°29’56 M S, 142°38'24"E (QM 
S51149). South Australia: 1 g, 9.4 km SE of Maryinna 
Hill, 27°01'12"S, 131°17'27"E (SAM NN11508). 
Western Australia : 1 g, Barrow Island, 20°47'38"S, 
115°27'34"E (ZMUC); 1 g, Barrow Island, 20°46’59 ,, S, 
115°27'03"E (ZMUC); 1 d Barrow Island, Chevron 
Texaco Camp, 20°49’43 n S, 115°26’36 n E (ZMUC); 1 
d Canning Stock Route, Well 23, 23°05'S, 123°13'E 
(WAM T74425); 1 d Cloudbreak Mining Lease, 
Chichester Range, 22°18'31”S, 119°22'42"E (WAM 
T83387); 1 $, Cloudbreak Mining Lease, Chichester 
Range, 22°17'39 n S, 119°22’25 n E (WAM T82785); 
1 d Cloudbreak Mining Lease, Chichester Range, 
22°17'21"S, 119°22'33"E (WAM T83282); 1 d Exmouth 
Gulf, 48 km NW. of Yanry Homestead, 22 o 05’24”S, 
114°40T2"E (WAM T74416); 1 d Gahnda Waterhole, 


100 km W. Warburton, 26°36’S, 125°52'E; 1 (WAM 
T75263); 1 d 1 juvenile, Lofty Range, 24°16'S, 119°22'E 
(WAM T74431); 3 d Mardathuna Homestead, 7.7 km W. 
on road to North-West Coastal Highway, N. side of road, 
24°25'43"S, U4°30'0r'E (WAM T73666, T73670); 1 d 
Mardathuna Homestead, 5.6 km E. on road to Binthalya, 
N. side of road, 24°26’36”S, 114°30’42 n E (WAM 
T73669); 2 d Mardathuna Homestead, 11.8 km W. on 
road to North-West Coastal Highway, S. side of road, 
24°24'24"S, 114°28'24"E (WAM T73668, T73671); 1 d 
Mount Keith Mine, 15.5 km E. of Lake Way Homestead, 
26°57'41"S, 120°37'22"E (WAM T75632); 1 d Nerren 
Nerren Station, 27°03’24"S, 114°34’23 n E (WAM 
T73672); 1 d Queen Victoria Spring Nature Reserve, 
30°14'S, 123°41'E (WAM T52698); 1 d Woodleigh 
Station, Woodleigh-Byro Road, 20.3 km E. of North- 
West Coastal Highway, 26 o 12’30”S, 114°34’35 n E 
(WAM T73667); 1 d Woodstock Station, 21°36’35"S, 
118°59T6”E (WAM T75264); 1 g, Woodstock Station, 
21°36'25"S, U9°0r50"E (WAM T74716). 

DIAGNOSIS 

As per genus. 

DESCRIPTION 

Male (Gahnda Waterhole, 100 km W. of Warburton, 

WAM T75263) 

Carapace (Figure 2). Light yellow-brown; black and 
narrow median band and olive-grey pigmentation in 
anterior half; fovea longitudinal; covered with few white 
setae which are denser around the median eyes; two long 
bristles between the AME. 

Sternum. Olive-grey pigmented, two longitudinal 
yellow-brown spots in anterior half. 

Labium. Olive-grey pigmented, anterior part forms a 
nearly semicircular white rim. 

Endites. Yellow-brown, olive-grey pigmentation 
basally; strong basal hook opposing groove in pedipalp 
femora. 

Chelicerae. Yellow; some grey pigmentation basally 
and one small grey spot on each chelicerae centrally; 
two promarginal teeth, one retromarginal tooth. 

Legs. Yellow-brown with irregular, spotty olive-grey 
pigmentation. Patellae and tibiae II brown, darker, 
stronger and with stronger spination than patellae and 
tibiae I; coxae I with basal hook. 

Abdomen. Much longer than wide, the posterior tip 
extends beyond the spinnerets; distinct olive-grey folium 
that incorporates some irregular patterning (Figure 1). 
Venter centrally olive-grey with four pair of indistinct 
lighter patches. Spinnerets brown. 

Pedipalps (Figures 4-5, 9). Median apophysis with 
two-pronged central process; embolus short and stout; 
terminal apophysis bulbous. 

Measurements. TL 6.30, CL 2.67, CW 1.76. Eyes: 
AME 0.17, ALE 0.08, PME 0.11, PLE 0.10. Row of eyes: 
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FIGURES 2-3 Lariniophora ragnhildae (Strand): 2, Male from Gahnda Waterhole, Western Australia (WAMT75263), 
dorsal view (TL 6.30 mm); 3, Female from Cloudbreak Mining Lease, Chichester Range, Western 
Australia (WAMT82785), dorsal view (TL 7.72 mm). 


AME 0.46, ALE 0.75, PME 0.26, PLE 0.81. Clypeus 
height 0.12. Sternum (length/width) 1.33/1.09. Labium 
(length/width) 0.27/0.33. AL 3.64, AW 1.39. Legs: 
Lengths of segments (femur + patella/tibia + metatarsus 
+ tarsus = total length): Pedipalp 0.55 + 0.42 + - + 0.79 = 
1.76,1 2.61 + 4.12 + 3.09 + 1.15 = 10.97, II 2.24 + 3.09 + 
2.24 + 0.97 = 8.54, III 1.64 + 1.94 + 1.15 + 0.58 = 5.30, 
IV 2.06 + 3.33 + 3.09 + 1.00 = 9.48. 

Variation. Size (range, mean ± s.d.): TL 4.23 - 6.92, 
5.34 ± 0.76; CL 2.31 - 2.77, 1.52 ± 0.17; CW 1.46 - 1.85, 
1.64 ± 0.11; n= 13. 

Female (Cloudbreak Mining Lease, Chichester Range; 
WAM T82785). 

Carapace (Figure 3). As male; fovea a roundish pit 
that extends somewhat anteriorly. 

Sternum. Light brown with light, faint and irregular 
median band; covered with few white setae. 

Labium. Brown basally, anterior part forms a nearly 


semicircular white rim. 

Chelicerae. Yellow; covered with few brownish setae; 
three promarginal teeth, with the two apical ones larger 
than the basal one, two retromarginal teeth with the 
basal one somewhat larger. 

Legs. Uniformly yellow, dark spots at base of setae. 
Abdomen. Yellow, with faint outline of folium (Figure 
2). Venter and spinnerets light brown 
Epigyne (Figures 6-8). Epigyne plate elevated 
from the venter; narrow light scape with few setae. 
Copulatory openings at anterior end of elevated plate; 
spermathecae spherical. 

Measurements. TL 7.72, CL 2.55, CW 1.41. Eyes: 
AME 0.15, ALE 0.11, PME 0.09, PLE 0.08. Row of eyes: 
AME 0.41, ALE 0.77, PME 0.26, PLE 0.83. Clypeus 
height 0.05. Sternum (length/width) 1.28/0.75. Labium 
(length/width) 0.27/0.41. AL 4.70, AW 2.34. Legs: 
Lengths of segments (femur + patella/tibia + metatarsus 


198 


V.W. FRAMENAU 



paramedian 

apophysis 


conductor 

median 


terminal apophysis 


subtegulum 

tegulum 


cymbium 



FIGURES 4—8 Lariniophora ragnhildae (Strand). 4-5, left pedipalp (4, retrolateral, 5, ventral view) of male from 
Gahnda Waterhole, Western Australia (WAM T75263); 6-8, epigyne (6, ventral, 7, lateral, 8, poste¬ 
rior view (cleared in 10% EtOH)) of female from Uluru National Park, 29 km ESE. of Uluru, Northern 
Territory (AM KS59133). Scale bar: 4-5, 0.57 mm; 6-8, 0.61 mm. 


+ tarsus = total length): Pedipalp 0.54 + 0.54 + - + 0.63 
= 1.70,1 2.30 + 3.74 + 3.09 + 1.00 = 10.13, II 1.88 + 3.17 
+ 2.24 + 0.92 = 8.22, III 1.38 + 1.62 + 1.10 + 0.66 = 4.77, 
IV 1.78 + 3.40 + 3.01 + 1.00 = 9.19. 

REMARKS 

Hogg (1898, p. 318) lists “Valley of the Stevenson 
River” as the type locality, possibly referring to the 
valley of the Stevenson Creek between Dalhousie 
Springs and Oodnadatta (see Spencer 1986, p. 15). I 
consider this a transcription error as this locality is in 
contrast to the label found with the holotype, which 
clearly states “Rudall Creek”, a waterway west of 
Hermannsburg and much further north than Stevenson 


Creek. Both localities, however, fall within the current 
known distribution of L. ragnhildae. As the holotype is 
immature, the species is here redescribed based on more 
recently collected, mature specimens. 

DISTRIBUTION 

This species occurs mainly in the arid zone of 
Western Australia, also known from Northern Territory, 
Queensland and South Australia (Figure 10). 

LIFE HISTORY AND HABITAT PREFERENCES 

Mature males were generally found between mid 
February and October, and females between March and 







LARINIOPHORA, A NEW MONOTYPIC ORB-WEAVING SPIDER GENUS FROM AUSTRALIA 


199 


distal haematodocha terminal apophysis 



base of 
paramedian 
apophysis 


median 

apophysis 


embolus 


apophysis 


conductor 


basal haematodocha 


FIGURE 9 Lariniophora ragnhildae (Strand): expanded left pedipalp of male from Well No. 23, Canning Stock Route, 
Western Australia (WAM T74425). 


July suggesting L. ragnhildae to be a winter-mature 
spider. This may also explain the low numbers of 
females in collections as surveys are carried out rarely 
in winter. 

Lariniophora ragnhildae was repeatedly found during 
a survey of the southern Carnarvon Basin in Western 
Australia (“Genus 2, sp. 1” in Harvey et al. 2000, Table 
2). Here it was collected in areas with low shrublands, 
for example Acacia spp. and Grevillea spp., over Triodia 
rigidissima grassland (Burbidge et al. 2000, Appendix A). 
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FIGURE 10 Distribution records of Lariniophora ragnhildae (Strand) in Australia (n = 27). 
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ABSTRACT - To clarify the systematic status of several Asian schizomid species, type specimens of 
several species were examined. Schizomus (Trithyreus) lunatus Gravely from India is transferred to 
Ovozomus Harvey, forming the new combination Ovozomus lunatus (Gravely). Schizomus similis Hirst 
from India, and S. remyi Lawrence from Reunion are new junior synonyms of O. lunatus, which is 
newly recorded from Christmas Island and Cook Islands. Schizomus (Trithyreus) peradeniyensis Gravely 
from Sri Lanka is redescribed and transferred to the genus Ovozomus, forming the new combination 
Ovozomus peradeniyensis (Gravely). Schizomus perplexus Gravely from Sri Lanka, recently moved to 
Notozomus Harvey, is returned to the genus Schizomus. Trithyreus suboculatus Pocock (from Sri Lanka) 
is designated as a nomen dubium as the holotype is an unidentifiable juvenile. 
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INTRODUCTION 

The Old World schizomid fauna is poorly known. 
Of a total world fauna of 272 species, only 114 species 
are described from the Old World with nearly half (52 
species) endemic to Australia (Harvey 1988, 1992, 
2000a, 2000b, 2001b, 2003; Harvey and Humphreys 
1995; Harvey et al. 2008). Until the early 1990’s only a 
handful of schizomid genera were described including 
two genera of Protoschizomidae (Rowland 1971, 
1975) and seven genera of Schizomidae. However, 
the status and validity of some of these genera waxed 
and waned (e.g. Hansen and Sorensen 1905; Lawrence 
1969; Rowland and Reddell 1979a, 1979b, 1980, 1981). 
Schizomidae was later found to be a junior synonym 
of Hubbardiidae, a name that is currently used for this 
family (Reddell and Cokendolpher 1995; Harvey 2003). 
During the 1990s, subdivision of Hubbardiidae, and in 
particular the catch-all genus Schizomus Cook, 1899, 
into a number of distinct generic entities commenced, 
with descriptions of 23 new genera (Reddell and 
Cokendolpher 1991; Harvey 1992; Cokendolpher and 
Tsurusaki 1994; Reddell and Cokendolpher 1995; 
Gonzalez-Sponga 1997) and a further 17 genera in the 


2000s (Armas 2002; Armas and Colmenares 2006; 
Armas and Teruel 2002; Bastawade 2004; Cokendolpher 
and Reddell 2000; Harvey 2000a, 2001a, 2001b, 2006; 
Harvey et al. 2008; Teruel 2003; Teruel and Armas 
2002; Villareal M. et al. 2008). This increased rate 
of taxon recognition within Schizomida has been 
summarised and portrayed graphically by Harvey (2002, 
2007). 

Despite a good modern description of the type species 
of Schizomus, S. crassicaudatus (O.P.-Cambridge, 
1872), by Reddell and Cokendolpher (1991), many 
Old World hubbardiid species are still placed in 
Schizomus, an arrangement that is unlikely to reflect 
their true systematic position as they lack the diagnostic 
morphological features of that genus, distinct spurs 
on the trochanter and patella of the pedipalp (Reddell 
and Cokendolpher 1991, 1995). Indeed, only two 
hubbardiid species fit this diagnosis, S. crassicaudatus 
and S. perplexus Gravely, 1915, both from Sri Lanka. 
Schizomus perplexus was transferred to Notozomus 
Harvey, 1992 by Bastawade (2004), but this placement 
is hereby reversed and the species is returned to 
Schizomus. 
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Whilst some Old World species previously described 
in Schizomus have been revised and transferred to 
other genera (e.g. Reddell and Cokendolpher 1995; 
Harvey 2001a, 2006; Bastawade 2004), there are still 
26 species that appear to be misplaced and warrant 
further investigation. Although somatic characters are 
useful in modern schizomid classifications, the most 
reliable generic features can be found in the female 
genitalic region, with the shape of the spermathecae 
and associated structures such as the chitinised arch and 
gonopod proving useful in distinguishing taxa. Early 
taxonomic publications of schizomids did not include 
descriptions or illustrations of the spermathecae, but 
their recent utility in systematic studies has allowed 
an improved understanding of schizomid diversity 
(e.g. Brignoli 1973, 1974; Rowland and Reddell 
1979a, 1979b, 1980, 1981; Harvey 1992; Reddell 
and Cokendolpher 1995). In order to understand the 
systematic placement of some of the older species from 
the Old World, I have been able to examine specimens 
of several species named during the early to mid-20 th 
century (Pocock 1900; Gravely 1911a, 1911b; Lawrence 
1969). Whilst one species is designated as a nomen 
dubium, the others are referrable to named genera. 

MATERIAL AND METHODS 

The specimens examined for this study are lodged 
in the Natural History Museum, London (BMNH), 
Museum National d’Histoire Naturelle, Paris (MNHN), 
Royal Museum for Central Africa, Tervuren (MRAC), 
Western Australian Museum, Perth (WAM) and 
the Zoological Museum, University of Copenhagen 
(ZMUC). 

The specimens were studied using a Leica MZ16A 
dissecting microscope, and immersed in 70-75% 
ethanol. The chelicerae and female genitalic structures 
were examined by dissecting them from the specimen, 
and placing them in 50% lactic acid on a microscope 
slide with a small glass cover slip supported by two 
pieces of nylon fishing line of appropriate thickness. 
Where it was not possible to dissect the specimen due 
to curatorial preferences, the entire specimen was 
mounted in glycerol or clove oil on a microscope slide 
and the genital region examined through the cuticle. 
An Olympus BH-2 compound microscope was used 
to examine the spermathecae and illustrated using a 
drawing tube. The specimens were rinsed and returned 
to ethanol after examination. 

TAXONOMY 

Family Hubbardiidae Cook, 1899 
Ovozomus Harvey, 2001 

Ovozomus Harvey 2001a: 687; Harvey 2003: 114. 

TYPE SPECIES 

Schizomus similis Hirst, 1913 (junior synonym of 


Schizomus (Trithyreus) lunatus Gravely, 1911a, see 
below), by original designation. 

REMARKS 

The schizomid genus Ovozomus was established for 
the type species Schizomus similis from the Seychelle 
Islands, and was based upon the unusual morphology 
of the female genitalia where the chitinised arch is 
curved into two ovoid structures (Harvey 2001a). 
The synonymy of two further species with O. similis, 
including the slightly older S. lunatus, and the 
identification of additional specimens from islands in 
the Indian and Pacific Oceans, demonstrates a much 
wider distribution for this species than previously 
suspected. 

Ovozomus lunatus (Gravely, 1911), 
new combination 

Figure 1 

Schizomus (Trithyreus) lunatus Gravely, 1911a: 33-35, 
figures la-b. 

‘ Schizomus ’ lunatus Gravely: Reddell and Cokendolpher, 
1995: 50; Bastawade, 2004: 213-215, figures 14-24. 
Schizomus lunatus Gravely: Harvey, 2003: 120 (full 
synonymy). 

Schizomus similis Hirst, 1913: 33-34, figures 1-3. New 

synonymy. 

‘ Schizomus ’ similis Hirst: Reddell and Cokendolpher, 
1995: 54. 

Ovozomus similis (Hirst): Harvey, 2001a: 687-688, figure 
8; Harvey, 2003: 114 (full synonymy); Harvey, 2010: 
337. 

Schizomus remyi Lawrence, 1969: 253-254, figures 
llj-m, 12a; Harvey, 2003: 121 (full synonymy). New 

synonymy. 

‘Schizomus ’ remyi Lawrence: Reddell and Cokendolpher, 
1995: 53-54. 

MATERIAL EXAMINED 

Paralectotypes of Schizomus (Trithyreus) lunatus 
India: West Bengal : 1 Botanic Gardens, Sibpur, 
Kolkata (as Calcutta) [22°34’N, 88°19'E], 20 April 1910, 
F.H. Gravely (BMNH 1911.7.12.2); 1 specimen without 
abdomen, same data except 22 April 1910 (ZMUC 
00012641). 

Syntypes of Schizomus similis 
Seychelle Islands: 2 5, Long Island, Mahe [4°37'S, 
55°30'E], specimens from wood containing termites, 
July 1908, J.S. Gardiner (BMNH 1913.8.27.15-16). 
Holotype of Schizomus remyi 
Reunion: $, Sainte-Rose [21°06'N, 55°47'E], 5 August 
1947, P. Remy (MNHN No. Ur 19). 

NEW MATERIAL EXAMINED 

Australia: Christmas Island : 1 $, Sepulchral Soil 
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Sink, CI-103, inside cave, 10°25’07"S, 105°41’03"E, 14 
May 2006, J. Tapper (WAM T95540); 2 juveniles, same 
data (WAM T95541). 

Cook Islands: 1 $, Raratonga Island, ‘Arorangi, 
21°13’S, 159°49’W, 9-14 March 1996, A. van Harten 
(WAM T42225). 

Mayotte: 1 $, Coconi, campus de la DAF [12°47’S, 
45°9’E], 18 July 1998, R. Jocque (MRAC 208.203). 

Seychelle Islands: Les Amirantes: 1 §, Amirantes 
Islands, Saint Joseph Island, 5°26’S, 53°20’E, 22 June 
2003, J. Gerlach (WAM T57382). 

DIAGNOSIS 

Females of O. lunatus differ from O. peradeniyensis 
by the morphology of the genitalia which bears multiple 
pairs of spermathecal lobes and a bifurcate gonopod 
(Harvey 2001a, figure 8). 

DESCRIPTION 
Adult male 

See Gravely (1911a) and Bastawade (2004). 

Adult female 
See Harvey (2001a). 

REMARKS 

Schizomus lunatus was described from an unspecified 
number of male and female syntypes by Gravely (1911a) 
of which some are lodged in the Zoological Survey of 
India, ZMUC and BMNH (Reddell and Cokendolpher 


1995; Bastawade 2004). Two syntypes, a male and a 
female lodged in the Zoological Survey of India, were 
recently redescribed by Bastawade (2004) who retained 
the species within Schizomus. He designated the male as 
lectotype and the female as paralectotype. Examination 
of the female syntype (now a paralectotype) lodged 
in BMNH clearly demonstrates that S. lunatus is 
conspecific with the holotype of S. similis from the 
Seychelle Islands, which was redescribed and transferred 
to a separate genus Ovozomus by Harvey (2001a). Due to 
the precedence of S. lunatus over S. similis, the former 
becomes the valid name. The female holotype of S. 
remyi from Reunion is also referred to O. lunatus, as the 
morphology of the female genitalia does not differ in any 
substantial detail from that species. 

Ovozomus lunatus is widely distributed in the 
Australasian region (Figure 1), with confirmed records 
from India, Seychelle Islands, Comoros, Reunion and 
Christmas Island in the Indian Ocean region, as well 
as from the Cook Islands which represents the first 
record from the Pacific Ocean area. Cokendolpher and 
Tsurusaki (1994) recorded a female of S. lunatus from 
the Botanic Gardens, Sibpur, Kolkata, India, collected 
on 22 April 1910 and lodged in Zoologisches Museum, 
Hamburg that is likely to have been donated to the 
museum by Gravely and is likely to be a part of the type 
series of S. lunatus. They also record specimens of new 
species apparently related to O. lunatus from Thailand, 
Philippines and the Marianas Islands. 
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Ovozomus peradeniyensis 
(Gravely, 1911), comb. nov. 

Figures 1, 2 

Schizomus (Trithyreus) peradeniyensis Gravely, 
1911b: 137-138, figure 2b. 

‘Schizomus'’ peradeniyensis Gravely: Reddell and 
Cokendolpher, 1995: 52-53. 

Schizomus peradeniyensis Gravely: Harvey, 2003: 
120-121 (full synonymy). 

MATERIAL EXAMINED 
Syntypes 

Sri Lanka: Central Province: 1 $, [Royal Botanic 
Gardens], Peradeniya [7°15’N, 80°36’E], 19-22 July 
1910 (BMNH 1911.7.12.3); 1 ?, same data (ZMUC 
00012643). 

DIAGNOSIS 

Females of O. peradeniyensis differ from those of 
O. lunatus by the morphology of the genitalia which 
have only two major pairs of spermathecal lobes 
and apparently lack a gonopod (Figure 2). Males are 
currently unknown. 

DESCRIPTION 

Adult female (syntype, BMNH 1911.7.12.3) 

Colour, deep yellow-brown. 

Propeltidium : with 11 setae, arranged 2 (in row): 
1: 2: 2: 2: 2; anterior margin drawn to a sharply 
downturned point between chelicerae; large eye spots 
present. Mesopeltidia widely separated. Metapeltidium 
divided. Anterior sternum with 17 setae, including 2 
sternapophysial setae; posterior sternum triangular, with 
6 setae. Chaetotaxy of tergites I-IX: 2+4 (4 microsetae 
diagonal): 2+6 (6 microsetae in column): 3: 4: 4: 6: 6; 
segment XII without dorsal process. 

Flagellum : absent from specimen. 

Genitalia (Figure 2): chitinised arch forming two 
ovoid loops; with 2 major pairs of receptacula, the 
lateral pair forming a broad medially arched loop with 
broad extremities, the mesal pair broad and relatively 
undifferentiated; gonopod apparently absent. 

Pedipalp : without apophyses; trochanter without 
sharply produced distal extension, ventral margin with 
stout setae, with distinct mesal spur; tibia and tarsus 
lacking spines; tarsus with spurs. 

Chelicera : not examined in detail. 

Legs : tarsus I with 6 segments; femur IV 2.87 x longer 
than wide. 

Dimensions (mm): Body length 4.03. Propeltidium 
1.42/0.80. Flagellum absent from specimen. Pedipalp: 
trochanter 0.66, femur 0.65, patella 0.68, tibia 0.64, 
tarsus 0.29, claw broken, total excluding claw 3.56. Leg 


I: trochanter 0.49, femur 1.61, patella 1.92, remainder to 
leg missing. Leg IV: trochanter 0.49, femur 1.58/0.55, 
patella 0.71, tibia 1.08, metatarsus 0.99, tarsus 0.58, total 
5.43. 

REMARKS 

Schizomus peradeniyensis was described from an 
unspecified number of female specimens, of which some 
are lodged in Zoological Survey, India, BMNH, ZMUC, 
and Zoologisches Museum, Hamburg (Reddell and 
Cokendolpher 1995). Close examination of the female 
syntypes in BMNH and ZMUC reveals that the internal 
genitalia (Figure 2) are of the form that diagnoses the 
genus Ovozomus, and that it is sufficiently distinct from 
that of O. lunatus to be regarded as a separate species. 
Ovozomus peradeniyensisis is currently known only 
from the type locality in Sri Lanka (Figure 1). 

Schizomus Cook, 1899 

Nyctalops O.P.-Cambridge, 1872: 410-411 [junior 
homonym of Nyctalops Wagler, 1832 (Aves)]. 
Schizonotus Thorell, 1888: 358 [replacement name for 
Nyctalops O.P.-Cambridge, 1872; junior homonym of 
Schizonotus Ratzeburg, 1852 (Insecta: Hymenoptera)]. 
Schizomus Cook, 1899: 249; Reddell and Cokendolpher, 
1995: 96-98; Harvey, 2003: 117 (full synonymy) 
[replacement name for Schizonotus Thorell, 1888]. 

TYPE SPECIES 

Nyctalops crassicaudatus O.P.-Cambridge, 1872, by 
subsequent designation of Cook, 1899. 

Schizomus perplexus Gravely, 1915 

Schizomus (Trithyreus) perplexus Gravely, 1915: 383-385, 
figs 1-2. 

Schizomus perplexus Gravely: Harvey, 2003: 121. 
‘Schizomus’ perplexus Gravely: Reddell and 
Cokendolpher, 1995: 53. 

Notozomus perplexus (Gravely): Bastawade, 2004: 215— 
216, figs 25-27. 

REMARKS 

Schizomus perplexus was described from several 
males, females and juveniles collected from 
Polonnuruwa, North-Central Province, Sri Lanka 
(Gravely 1915). Bastawade (2004) redescribed the 
species based upon the type specimens lodged in 
the Zoological Survey, India, and transferred it to 
Notozomus, a genus currently known from eastern 
Australia (Harvey 1992, 2000b, 2003) and New 
Caledonia (Harvey, unpublished data), noting strong 
similarities in the female genitalic morphology. Whilst 
the spermathecae of S. perplexus and Notozomus spp. 
do indeed resemble each other, the great similarity 
in ventral armature of the pedipalpal trochanter 
and patella, particularly in the male (Gravely 1915, 
figures 1, 2; Bastawade 2004, figures 27, 28), so 
strongly resembles that of S. crassicaudatus (Reddell 
and Cokendolpher 1991, figures 9, 10, 17, 18) - 
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FIGURE 2 Ovozomus peradeniyensis (Gravely), female syntype (BMNH 1911.7.12.3), genitalia, ventral aspect. 
Scale line = 0.2 mm. 


also described from Sri Lanka - that they are best 
considered as congeneric. Therefore, N. perplexus 
is hereby returned to Schizomus. It seems that of the 
many species originally placed in Schizomus, only S. 
cmssicaudatus and S. perplexus share the peculiar 
pedipalpal morphology, in which the trochanter and 
patella bear distinct ventral processes, that distinguishes 
the genus Schizomus from all other hubbardiid genera 
(Reddell and Cokendolpher 1991, 1995), and that all 
other species currently included in Schizomus belong to 
other genera. 

Trithyreus suboculatus Pocock, nomen dubium 

Trithyreus suboculatus Pocock 1900: 121-122, figures 
39a-c. 

‘ Schizomus ’ suboculatus (Pocock): Reddell and 
Cokendolpher 1995: 54-55. 

Schizomus suboculatus (Pocock): Harvey 2003: 121 (full 
synonymy). 


MATERIAL EXAMINED 
Holotype 

Sri Lanka: Central Province: juvenile, Pundaluoya 
(as Punduloya) [7°01’N, 80°40’E], no date, Green 
(BMNH). 

REMARKS 

Pocock (1900) described Trithyreus suboculatus based 
upon a single specimen from ‘Punduloya’, Sri Lanka. 
This location is most likely a lapsus for Pundaluoya 
which is situated in the Central Province. Shortly 
thereafter, Hansen and Sorensen (1905) suggested 
that the specimen was in fact immature, based on 
observations of the holotype by their colleague Mr 
C.J. With who examined the specimen during a visit 
to the British Museum (as it was then known). My 
examination of the holotype confirms it as a juvenile, 
and the species is here regarded as a nomen dubium. 
The main diagnostic features of schizomids, at both 
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the generic and specific levels, are found in the female 
genital system and in the morphology of the adult 
male flagellum, and juveniles lack distinguishing 
diagnostic features. The island of Sri Lanka harbours 
schizomids of at least four different genera, Apozomus 
Harvey, Ovozomus, Schizomus and Zomus (Reddell 
and Cokendolpher 1995; Harvey 2003; Bastawade 
2004), but the specimen of T. suboculatus can be 
excluded from Schizomus and Zomus due to the lack 
of ventral projections on the pedipalpal trochanter and 
patella which are found in Schizomus, and the lack of 
corneate eyes which are found in Zomus. Without new 
collections from the type locality, this specimen cannot 
be ascertained to any other schizomid genus. Hansen 
and Sorensen (1905) attributed a male, two females and 
several immature specimens collected from Maturata, 
Sri Lanka to this species, but this attribution cannot be 
confirmed. 
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ABSTRACT - Surveys to remote tropical areas of the world have continued to lead to new discoveries 
of species, including vertebrates. A recent survey in January 2010 to the northwest Kimberley was 
undertaken to look for new frog species. Among the taxa discovered (including plants and land snails) 
was a small species of Litoria in the Prince Regent River Nature Reserve. Litoria axillaris sp. nov. is 
superficially similar in appearance (body shape, limbs and webbing) and in call structure to L. tornieri, a 
ground hylid which occurs in the Kimberley region and east to theTop End of the Northern Territory. The 
new species differs, however, in being smaller (22.0-25.0 v. 28.5-33.0 mm total length), in possessing 
extensions of the lateral stripe posterior to the tympanum on the lower lateral surface and anteriorly 
to the tip of the snout, in having dorsolateral streaks, the upper lip pigmented, the chin only weakly 
pigmented on the edge of the jaw, and having thighs with poorly-defined markings. Litoria axillaris 
sp. nov. shares with L. tornieri similar advertisement calls, including intermittent and repetitive calls; 
however, pulse rates of calls of the new species are less than half of those in L. tornieri. Further, habitat 
use also differs noticably, with L. axillaris sp. nov. being found on top of sandstone platforms in highly 
dissected terrain while L. tornieri occurs in grasslands in tropical savannah. The new species is the 
fifth to be discovered and described as a result of wet season surveys targeting frogs in the Kimberley 
region since 2005. Its discovery highlights the high vertebrate endemism of the high rainfall zone of 
the northwest Kimberley and underscores the importance of protecting this biodiversity through the 
establishment of more extensive reserves and their proper management. 


KEYWORDS: Anura, World Heritage listing, frog call. 


INTRODUCTION 

With more than 40 species documented to date, the 
Kimberley region of Western Australia is considered 
to be a centre of frog endemism within Australia 
(How and Cowan 2006; Slatyer et al. 2007; Powney et 
al. 2009). The high rainfall zone of the north-western 
Kimberley has a particularly rich frog fauna including 
eight endemic species (Tyler and Doughty 2009). 
Since 2007 four new species of frogs that occur in the 
northwest Kimberley have been described, three of 
which are endemic to the region (Doughty and Anstis 
2007; Doughty and Roberts 2008; Doughty et al. 2009; 
Anstis et al. 2010). All four species are associated with 
sandstone outcrops, similar to Litoria cavernicola 
Tyler and Davies, 1979 and Notaden weigeli Shea and 
Johnston, 1988 which are also only known from the 
northwest Kimberley. 


In January 2010 a biological survey targeting frogs, 
land snails and plants was carried out in the Prince 
Regent River Nature Reserve (Figure 1) during the 
monsoonal summer rainy season. Over 30 new species 
were discovered in less than two weeks (V. Kessner, 
M. and R. Barrett, pers. comm.), including a frog heard 
calling from the top of a sandstone platform near a 
large sinkhole during an expedition north of the river. 
Three males were collected, two of which were also 
recorded. The calls and appearance of the individuals 
resembled Litoria tornieri (Neiden, 1923) which occurs 
in the Kimberley and extends across the Top End of 
the Northern Territory. However, the specimens were 
smaller, possessed longitudinal streaks on the dorsum 
and the lateral stripe continued to the lower flanks. No 
further specimens were encountered during the rest of 
the field trip. Comparison of the specimens and their 
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FIGURE 1 Distribution map of Litoria sp. nov. and L. tornieri from the Kimberley region, Western Australia. 


calls with recently collected L. tornieri from the Prince 
Regent River Nature Reserve and the Mitchell Plateau 
confirmed the specimens were not L. tornieri, but rather 
an undescribed species. Another specimen was collected 
several months later from the same area, providing four 
individuals for the description presented here. 

METHODS 

All four specimens of the new species are males, and 
they were compared to 10 recently-collected L. tornieri 
males from the Kimberley (see Appendix for specimen 
details). All specimens are from the collections of the 
Western Australian Museum (WAM; prefix henceforth 
excluded from registration numbers). Liver samples of 
all specimens are stored at -70°C at WAM. Characters 
and their abbreviations are presented in Table 1. 
Small sample sizes precluded statistical analyses of 
quantitative data, therefore means, SD and ranges are 
presented and the results discussed qualitatively. 

Digital recordings of calls were made with a 
Marantz PMD 660 digital recorder with an AKG 
D880 M microphone. Calls were analysed with Adobe 
Audition 2.0 and Raven Lite 1.0. Calls of the new 


species were compared to L. tornieri, both of which 
utter ‘intermittent’ and ‘repetitive’ calls. For the new 
species there were two individuals with ‘intermittent 
calls’ recorded and one of these individuals also gave a 
‘repetitive call’ (see below); for L. tornieri, there were 
two individuals with the repetitive call recorded, and 
one of these males also gave an intermittent call. The 
more complex ‘intermittent’ call is a halting, irregular 
call comprised of a ‘burst’ of 1-7 (typically 3-6) tightly- 
grouped notes per bout and the simpler ‘repetitive’ call 
is a single note repeated frequently at a constant rate. 
Notes had two dominant frequency peaks which were 
estimated from visual frequency displays. The following 
variables were scored for intermittent calls: bursts per 
minute, pulses per note and peak frequencies. For the 
repetitive calls, notes per minute, pulses per note and 
peak frequencies were scored. 

Statistics of quantitative characters for the new species 
are presented below in the taxonomy section, and more 
detailed discussion of the comparisons with L. tornieri 
are presented at the end of the ‘comparisons with other 
species’ section. The generic taxonomy of Cogger 
(2000) is followed here, which excludes Cyclorana and 
Nyctimystes. 
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TABLE 1 Morphological measurements of Litoria axillaris sp. nov. and L. tornieri from the Kimberley region, 
Western Australia. All specimens are male. Mean±SD (range in brackets).Abbreviations: SUL - snout- 
urostyle length; TL - tibia length; HW - head width; 10 - interorbital span; IN - internarial span; EN - eye- 
naris distance. 


Character 

L. axillaris sp. nov. N = 4 

L. tornieri N = 10 

SUL 

24.5±1.7 

31.2±1.7 


(22.0-25.5) 

(28.5-33.0) 

TL 

13.0±0.9 

17.1±1.0 


(11.9-13.8) 

(15.7-18.4) 

TL/SUL 

0.53±0.02 

0.55±0.02 


(0.51-0.54) 

(0.52-0.58) 

HW 

8.3±0.6 

10.4±0.6 


(7.7-9.1) 

(9.2-11.1) 

IO 

4.5±0.3 

5.2±0.3 


(4.1-4.8) 

(4.8-5.6) 

IN 

2.8±0.1 

3.2±0.1 


(2.6-2.8) 

(3.0-3.3) 

EN 

2.3±0.1 

2.7±0.1 


(2.2-23) 

(2.5-2.8) 

EN/IN 

0.83±0.04 

0.84±0.05 


(0.79-0.89) 

(0.78-0.93) 


TAXONOMY 

L/for/aTschudi, 1838 

TYPE SPECIES 

Litoria freycineti Tschudi, 1838, by monotypy. 

DIAGNOSIS 

A large genus of hylid frogs with diverse 
morphologies but with the following general 
characteristics: head and body generally elongate, 
pupil horizontal, tympanum usually distinct, upper jaw 
toothed, fingers webbed or unwebbed, toes webbed, 
fingers and toes usually with dilated terminal discs 
(minimal in L. dahlii, L. inermis, L. nasuta, L. pallida, 
L. tornieri and L. axillaris sp. nov.). 


Litoria axillaris sp. nov. 

Kimberley Rocket Frog 

Figures 2-4 

Holotype 

Australia: Western Australia : R171472, a calling 
male collected north of the Prince Regent River, 
Kimberley region (15°17'37"S, 125°29'46"E) on 19 
January 2010 by P. Doughty and M. Pepper. 

Paratypes 

Australia: Western Australia : R169971, a male 
collected 9.3 km ENE King’s Cascade on the 
Prince Regent River, Kimberley region (15°36'15"S, 
125°23'26"E) on 30 March 2010 by M.D. Barrett and 
R.L. Barrett; R171471 and R171473 - as for holotype. 
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FIGURE 2 Photographs in life: left) Litoria axillaris sp. nov. (WAM R169971); right) L. tornieri (M. Anstis). 


DIAGNOSIS 

A small (to 25.5 mm SUL), slender hylid ground frog 
with triangular head, pointed snout (EN/IN - 0.83), 
protruding eyes and elongate limbs (TL/SUL - 0.53). 
Distinguished from other Litoria by a combination of 
the following characters: discs on tips of digits only 
slightly expanded, toes half webbed, pale brownish- 
grey background colouration, stripe on tibia unbroken, 
lateral stripe on side of head continues posteriorly to 
tympanum then (after hiatus above arm) along lower 
lateral surfaces, lateral stripe extends anteriorly to 
tip of snout, hiatus of pigment before the eye, two 
longitudinal dorsolateral streaks, and thighs with 
diffuse stripes. There are two kinds of advertisement 
call: an intermittent call comprised of 1-7 notes per 
burst (4-5 pulses/note; peak frequencies 2300 and 
4600 Hz) repeated 46 times per minute, and a repetitive 
call comprised of a single note repeated 222 times per 
minute (12-14 pulses/note; 2200 and 4400 Hz). 

DESCRIPTION OF H0L0TYPE 

Body size small (25.0 mm SUL); head triangular with 
pointed snout, tip of snout in lateral view with oblique 
tip that projects slightly over lower jaw, EN/IN - 0.83; 
nares below canthus rostralis, small, vertically elongate, 
directed posteriorly; canthus rostralis curving slightly 
inwards with rounded edge; eyes large and protruding; 
small gland below corner of mouth, ca 1/3 size of 
tympanum; tympanum circular with distinct annulus; 
vomerine teeth: two short ridges anterior to choanae, 
each with three sharpened downward projections; 
tongue oval, free edge blunt and un-notched. 

Limbs slender; arms moderately long, forearm 
with skin fold along posterior edge; fingers slender, 
unwebbed but with slight fringing and terminating 
in weakly expanded tips (only marginally wider than 
finger); two large palmar tubercles at base of wrist, 
tubercles under fingers round and moderately large: 


first and second fingers with 1 tubercle; third and fourth 
with 2 tubercles; nuptial pad on inner side of first finger 
oval-shaped and comprised of rugose tissue; relative 
finger lengths 3>4>1>2. Legs long (TL/SUL - 0.51), 
tarsus with skin fold along posterior edge; toes long and 
slender, webbed to second tubercle from tip on fourth 
toe and last tubercle on third and fifth toes, continuing 
to tip as fringe; inner metatarsal tubercle small, flattened 
and oriented parallel to foot, outer metatarsal tubercle 
reduced to small bump; tubercles below toes small, 
round and directed slightly distally: first and second 
toes with 1 tubercle; third and fifth with 2 tubercles and 
fourth with 3 tubercles; relative toe lengths: 4>5>3>2>1. 

Skin on dorsum and limbs relatively smooth, but with 
irregularities and furrows evident; ventrum, lower sides 
and back of thighs rugose; coccyx slightly protruding, 
cloaca positioned below coccyx and directed posteriorly. 

Colouration 

In life, greyish-brown dorsally, sides and forelimbs 
grey, upper surfaces of legs greyish-brown; eyes (pupil 
and lower iris) dark but dorsal portion of iris reddish- 
orange with upper edge of pupil edged with gold. Two 
dark dorsolateral streaks with poorly-defined edges 
begin near arms and terminate near the coccyx. A dark 
lateral stripe begins at tip of snout, with conspicuous 
crescent-shaped hiatus of colour before eye; stripe 
continues past eye over tympanum (ventral edge 
unpigmented) with another hiatus above arm; stripe 
continues further along sides in axillary region, angling 
ventrally and posteriorly and terminating diffusely 
along ventral edge of sides. Upper labial surface with 
a continuous dark edge, less dark than lateral stripe; 
region between lateral and labial stripes pale greyish- 
white. Arms with dark blotches on posterior edge, 
scattered blotches at insertion of arm anteriorly; groin 
suffused with a yellowy wash, continuing anteriorly to 
terminus of lateral streak on sides; coccyx edged with 
black, with dark markings along boundary of torso-leg 
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FIGURE 3 Holotype of Litoria axillaris sp. nov. (WAM R171472) in dorsal, ventral and lateral views. 


attachment. Anterior and posterior surfaces of thigh 
with broad but poorly-defined stripe; outer edge of tibia 
with continuous dark stripe, clearly defined dorsally, less 
so ventrally; inner edge of tibia also with continuous 
stripe, but less defined; tarsus dark. Ventral surfaces 
pale yellowy-white; chin with dark mottling only near 
edge of jaw. 

In preservative, the colouration becomes a dark grey 
(Figure 3). The dorsolateral streaks and yellowy wash in 
the groin are lost. 

Measurements of holotype (mm) 

SUL - 25.0, TL - 12.7, HW - 8.4, IO - 4.5, IN - 2.8, 
EN - 2.2. 

VARIATION 

Table 1 presents the ranges of the characters measured 
for the four known specimens. Colouration was 
similar to the holotype, with most of the differences 
being in the extent of the mottling on the upper lip 
and the conspicuousness of the dorsolateral streaks. 
Pigmentation on the chin also varied from almost none 


(R171471, R171473) to mottling along the edge of the jaw 
(R169971, as per the holotype). 

ADVERTISEMENT CALL 

Figure 4 shows both types of call of L. axillaris sp. 
nov. The intermittent call comprised rapid bursts of 
1-7 notes, with the bursts given at irregular intervals. 
Notes of the intermittent calls had 4-5 pulses per note 
and dominant frequencies of 2300 and 4600 Hz (both ca 
±200 Hz). The repetitive call was given by the male 222 
times/minute, and repetitive calls of the recorded and 
other unrecorded males (pers. obs.) could be sustained 
for over a minute. The single note that was repeated had 
12-14 pulses and dominant frequency peaks of 2200 
and 4400 Hz (both also with ±200 Hz). Given only two 
intermittent calls and one repetitive call were available, 
more calls are required to accurately assess variation. 

DISTRIBUTION 

This species is known only from two localities north 
of the Prince Regent River: the northernmost records are 
inland from Prince Fredrick Harbour near the Roe River, 
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TABLE 2 Summary of call characteristics of Litoria axillaris sp. nov. and L. tornieri. * Frequency peaks were ca 
400 Hz wide. Sample sizes (N) represent individuals recorded. 


Character 

L. axillaris sp. nov. 

L. tornieri 

Intermittent call: 

N = 2 

N = 1 

Bursts/min 

46 

42 

Pulses/note 

4-5 

10-12 

Frequency peaks (Hz)* 

2300, 4600 

1950, 3500 

Repetitive call: 

N = 1 

N = 2 

Notes/min 

222 

154 

Pulses/note 

12-14 

28-33 

Frequency peaks (Hz)* 

2200, 4400 

1950, 3500 





Calls of Litoria axillaris sp. nov. (left) and L. tornieri (right) for comparison. Upper figures shows 
the spectrogram of calls; lower figure shows pulses within a single note. Within each species, the 
leftmost call is the intermittent call (showing two separate bursts of notes) and the call on the right is 
the repetitive call. See Table 2 and text for details. 


FIGURE 4 
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and the southern record is from near King’s Cascade on 
the Prince Regent River. Both locations are within the 
boundaries of the Prince Regent River Nature Reserve 
in the Kimberley region of Western Australia (Figure 1). 

HABITAT 

All individuals were encountered on top of sandstone 
platforms in highly dissected mountainous terrain. 
Males collected from the northern site were calling from 
Spinifex ( Triodia ) clumps that grew between sandstone 
sheets at the edge of a sinkhole. The male collected near 
King’s Cascade was ‘among low lying grasses and herbs 
on shallow sand lens surrounded by low rocky hills at 
summit of broad sandstone hill’ (M. and R. Barrett, pers. 
comm.). The known habitat suggests that this species 
breeds in shallow pools or rivulets on sheeting sandstone 
on plateaux, rather than creeks and swamps lower in the 
landscape as for L. tornieri. 

ETYMOLOGY 

The Latin word axillaris refers to the area of the 
body where the lateral stripe continues in this species, 
compared to termination of the stripe on the sides in L. 
tornieri. Used as a noun in apposition. 

COMPARISON WITH OTHER SPECIES 

There are over 40 species of frogs in the Kimberley 
region, but L. axillaris sp. nov. is distinguishable from 
all other species by many characters. Its small size 
(25 mm SUL) excludes many of the larger-bodied 
species such as Cyclorana, Limnodynastes, Notaden 
and Platyplectrum. The gracile build with triangular 
head separates L. axillaris from Uperoleia species, and 
the large eyes and non-flattened body shape separate 
them from Crinia species. Within Litoria, L. axillaris 
is smaller than the large tree frogs, and it is larger than 
L. microbelos and also lacks widely expanded terminal 
discs. Its brownish colouration excludes it from green 
species, such as L. bicolor. 

Species that may also be active on the same rock 
platforms as L. axillaris are the rock hylids L. coplandi, 
L. staccato and L. aurifera. However, these latter species 
(plus L. rubella and L. watjulumensis ) posses widely 
expanded terminal discs that are much wider than the 
finger; in L. axillaris the expanded discs are only slightly 
wider than the finger. In addition, all species except L. 
staccato have fully webbed toes. 

Other ground hylids (commonly known as ‘rocket 
frogs’) are the species most likely to be confused with 
L. axillaris. However, all species except L. tornieri 
(discussed below) and L. watjulumensis (discussed 
above) lack a continuous dark line along the length of 
the outer tibia. In addition, L. nasuta has an extremely 
long head and limbs and has longitudinal skin folds 
on the dorsum, and L. inermis and L. pallida lack the 
expanded discs on digits, the dorsolateral streaks and the 
lateral stripe is poorly defined. 

The most similar-looking and sounding species to L. 
axillaris is L. tornieri. Both possess similar proportions 


(along with the other rocket frogs) (Table 1), slightly 
expanded finger and toe pads, an unbroken dark line on 
the outer tibia, a lateral stripe that runs from the snout 
to the side (including a hiatus of colour before the eye) 
and markings on the thighs. They differ, however, in 
that L. axillaris is smaller, colouration is greyish-brown 
(v. pale to brick red), the lateral stripe continues past 
the arm and on to the sides (v. one or two small blotches 
posterior to the tympanum), the upper lip is pigmented, 
dorsolateral streaks are present, markings on thighs are 
diffuse (v. mottled) and the chin is at most edged with 
black (v. extensively pigmented). Habitat preferences 
differ between the two species as well, with L. axillaris 
being associated with rugged sandstone outcrops and 
L. tornieri with flooded grasslands or creeks in tropical 
savannah. Call differences are presented in Table 2. 
Although sharing similar call rates, pulses per note of 
L. axillaris were less than half of those of L. tornieri. 
Frequency peaks also differed, with L. axillaris 
possessing higher frequencies for both intermittent and 
repetitive calls, as would be expected for the smaller 
body size (Hoskin et al. 2009). 

REMARKS 

As L. axillaris is only known from two locations and 
four specimens, a conservative listing of its status should 
be ‘data deficient’. Although there are some threatening 
processes in the Australian monsoonal tropics (Bowman 
et al. 2010), the area where they occur is relatively 
secure at present because access is extremely limited 
owing to the rugged terrain and high rainfall in the wet 
season which makes land access extremely difficult. 
Nevertheless, feral species such as cattle, Cane Toads 
and weeds, and altered burning regimes may affect 
ecosystem functioning and therefore have an impact on 
all native fauna. 

As has been noted in recent descriptions of Kimberley 
frogs (e.g. Doughty et al. 2009; Anstis et al. 2010), the 
high rainfall area of the northwest Kimberley has a large 
number of endemic species compared to the rest of the 
Kimberley, which is more subdued topographically and 
receives less annual rainfall. Moreover, Slatyer et al. 
(2007) identified the northwest Kimberley as a region of 
high frog endemism within Australia, and their analysis 
was conducted prior to the description of five new 
species from the region. This trend will only increase, as 
more descriptions of northwest Kimberley frog species 
are currently in preparation. 

A clear pattern to emerge from the recent surveys and 
discovery of frog species from the northwest Kimberley 
is that biodiversity knowledge is far from complete. On 
the January 2010 expedition, specialists looking for land 
snail and plant species discovered at least 10 species 
from each group in about 10 days (V. Kessner, M. and R. 
Barrett, pers. comm.). Recent surveys of the Kimberley 
islands have also found new species of lizards, snails 
and plants (R. Palmer, pers. comm.), some of which are 
present on the poorly-surveyed mainland as well. It is 
likely that the combination of high rainfall and rugged 
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topography in the northwest Kimberley resulted in a 
relatively stable refuge where speciation could occur 
and/or where relictual species avoided extinction (see 
also Couper and Hoskin 2008). 

Given the exceptionally high known biological 
diversity of the northwest Kimberley, the high level of 
endemism and the continuing pace of species discovery 
across many animal and plant groups, it is clear the 
region requires maximum protection in the form of 
increased reserves, higher level of protection of those 
reserves (including World Heritage listing) and proper 
management to preserve biodiversity, and the processes 
responsible for generating and sustaining it. 
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APPENDIX 

Comparative material examined: Litoria tornieri. All 
locations are from Western Australia (WAM prefixes 
omitted). 

R167725, R167773, R167775, R167776, R167826, 
R167828 (Mitchell Plateau), R167829 (Mitchell Falls), 
R168050, R168086, R168164 (Prince Regent River 
Nature Reserve). 



